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Water quality standard

Wastewater treatment plant
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Washita River Bacteria and Turbidity TMDLs ExecatBummary

Executive Summary

This report documents the data and assessmentagsthblish TMDLs for the pathogen
indicator bacteria [fecal coliformiEscherichia coli (E. coli)Enterococci] and turbidity for
selected waterbodies in the Washita River basiAll fQture references to bacteria in this
document imply these three classes of fecal pathagéicator bacteria unless specifically
stated otherwise.) Elevated levels of pathogencatdr bacteria in aquatic environments
indicate that a waterbody is contaminated with huroa animal feces and that a potential
health risk exists for individuals exposed to thatev. Elevated turbidity levels caused by
excessive sediment loading and stream bank erasipact aquatic biological communities.
Data assessment and total maximum daily load (TMDB&)culations are conducted in
accordance with requirements of Section 303(dhefGlean Water Act (CWA, Water Quality
Planning and Management Regulations (40 CFR P&}, 13.S. Environmental Protection
Agency (USEPA) guidance, and Oklahoma DepartmenEmfironmental Quality (ODEQ)
guidance and procedures. ODEQ is required to suainTMDLs to USEPA for review and
approval. Once the USEPA approves a TMDL, thenathierbody may be moved to Category
4a of a state’s Integrated Water Quality Monitoramgd Assessment Report, where it remains
until compliance with water quality standards (W@Sachieved (USEPA 2003).

The purpose of this TMDL report is to establishlyi@int load allocations for indicator
bacteria and turbidity in impaired waterbodies, athis the first step toward restoring water
guality and protecting public health. TMDLs detamenthe pollutant loading a waterbody can
assimilate without exceeding the WQS for that gat. TMDLs also establish the pollutant
load allocation necessary to meet the WQS estadisior a waterbody based on the
relationship between pollutant sources and instregater quality conditions. A TMDL
consists of a wasteload allocation (WLA), load edloon (LA), and a margin of safety (MOS).
The WLA is the fraction of the total pollutant loagportioned to point sources, and includes
stormwater discharges regulated under the NatiBo#dutant Discharge Elimination System
(NPDES). The LA is the fraction of the total padat load apportioned to nonpoint sources.
The MOS is a percentage of the TMDL set aside tmwaat for the the lack of knowledge
associated with natural process in aquatic systamodel assumptions, and data limitations.

This report does not stipulate specific controlats (regulatory controls) or management
measures (voluntary best management practices)ssamgeto reduce bacteria or turbidity
within each watershed. Watershed-specific corgotilons and management measures will be
identified, selected, and implemented under a sépgrocess.

E.1 Problem Identification and Water Quality Target

This TMDL report focuses on waterbodies in the WtasRiver Basin, identified in Table
ES-1, that ODEQ placed in Category 5 [303(d) leftfthe Water Quality in Oklahoma, 2008
Integrated Report(2008 Integrated Report) for nonsupport of themary body contact
recreation (PBCR) or warm water aquatic commuMf\(AC) designated uses.

Elevated levels of bacteria or turbidity above WS result in the requirement that a
TMDL be developed. The TMDLs established in tl@part are a necessary step in the process
to develop the pollutant loading controls needetettore the primary body contact recreation
or fish and wildlife propagation use designateddach waterbody.
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Executive Summary

Table ES-1  Excerpt from the 2008 Integrated Report Oklahoma 303(d) List of Impaired Waters (Categorys)
Designated Designated
Stream | TMDL L E. Use Primary - Use Warm
Waterbody ID Waterbody Name Miles | Date Priority | ENT coli FC Body Contact Turbidity Water
Recreation Aquatic Life
OK310840020020_00 | Sandstone Creek 1459 | 2016 3 X X N X N
OK310840020010_00 | Washita River at Site #384 61.94 | 2016 3 X N
OK310840010010_00 | Washita River at SH 33, McLure 18.62 | 2016 3 X N
OK310830030010_00 | Washita River at SH 152, Cordell 49.32 | 2019 4 X N
OK310830020060_10 | Rainy Mountain Creek 32.33 | 2019 4 X N
OK310830020020_00 | Stinking Creek 18.36 | 2019 4 X X N X N
OK310830010010_00 | Washita River at US 281, Anadarko | 20.68 | 2016 3 X N
OK310810040140_00 | Wildhorse Creek 11.13 | 2016 3 X X N X N
OK310810020010_00 | Washita River at SH 19, near Alex | 63.16 | 2019 4 X X N X N
OK310810010190_00 | Washington Creek 6.49 2016 3 X N
OK310810010050_00 | Kickapoo Sandy Creek 10.19 | 2019 4 X X N X N
0OK310810010010_10 yaal‘lse@'ta River at SH 19, Pauls 32.87 | 2016 3 X N
OK310800020040_00 | Sand Branch 6.24 2016 3 X N
OK310800020010_00 | Washita River at US 177, Durwood | 32.87 | 2016 3 X N
ENT = enterococci; FC = fecal coliform
N = Not Attaining; X = Criterion Exceeded, TMDL Reiged
Source: 2008 Integrated Report, ODEQ 2008.
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Table ES-2 Summary of Indicator Bacteria Samples sm Primary Body Contact Recreation Season, 2004-200

Number of % samples
Number of Geometric Mean samples e(;(ceedpin
Waterbody ID Waterbody Name Indicator samples Concentration exceeding sinale samgle
P (count/100 mL) single sample gle samp
o criterion
criterion
0,
0OK310840020020_00 | Sandstone Creek EC 10 192 3 30%
ENT 10 199 7 70%
0,
OK310830020020_00 | Stinking Creek EC 10 213 3 30%
ENT 10 209 8 80%
0,
OK310810040140_00 | Wildhorse Creek EC 10 374 4 40%
ENT 10 430 9 90%
. . FC 20 336 9 45%
0K310810020010_00 X\fsjh'ta River at SH 19, near EC 20 77 5 25%
ENT 20 210 10 50%
0,
0OK310810010050_00 | Kickapoo Sandy Creek EC 10 342 4 40%
ENT 10 281 9 90%
Fecal coliform (FC) water quality criterion = Gednie Mean of 400 counts/100 mL
E. coli (EC) water quality criterion = Geometric Mean @6lcounts/100 mL
Enterococci (ENT) water quality criterion = Geonefvlean of 33 counts/100 mL
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Table ES-2 summarizes water quality data collectleoling primary body contact
recreation season from the water quality monitofMgQM) stations between 2002 and 2009
for each of three pathogen indicator bacteria elissnterococci (ENTE. coli (EC), and fecal
coliform (FC). The data summary in Table ES-2 jes a general understanding of the
amount of water quality data available and the sgvef exceedences of the water quality
criteria. This data collected during the primaoytact recreation season includes the data used
to support the decision to place specific waterbgdavithin the Study Area on the ODEQ 2008
303(d) list (ODEQ 2008). It also includes the ndate collected after the data cutoff date for
the 2008 303(d) list.

The definition of PBCR is summarized by the follogriexcerpt from Chapter 45 of the
Oklahoma WQSs.

(@) Primary Body Contact Recreation involves dirbody contact with the water where a
possibility of ingestion exists. In these cases water shall not contain chemical,
physical or biological substances in concentratidhat are irritating to skin or sense
organs or are toxic or cause illness upon ingesbgrhuman beings.

(b) In waters designated for Primary Body Contaaciation...limits...shall apply only
during the recreation period of May 1 to Septem®@r The criteria for Secondary Body
Contact Recreation will apply during the remainadé¢ithe year.

To implement Oklahoma’'s WQS for PBCR, the Oklahokvater Resources Board
(OWRB) promulgated Chapter 46nplementation of Oklahoma’s Water Quality Standard
(OWRB 2008a). The abbreviated excerpt below framagier 46: 785:46-15-6, stipulates how
water quality data will be assessed to determimpau of the PBCR use as well as how the
water quality target for TMDLs will be defined feach bacterial indicator.

(@) Scope. The provisions of this Section shall used to determine whether the
subcategory of Primary Body Contact of the bengfiose of Recreation designated in OAC
785:45 for a waterbody is supported during the eatron season from May 1 through
September 30 each year. Where data exist for nailtjacterial indicators on the same
waterbody or waterbody segment, the determinatfarse support shall be based upon the use
and application of all applicable tests and data.

(b) Screening levels:
(1) The screening level for fecal coliform shalldbdensity of 400 colonies per 100 ml.

(2) The screening level for Escherichia coli shmdla density of 235 colonies per 100 ml in
streams designated in OAC 785:45 as Scenic Rivetsralakes, and 406 colonies per 100 ml
in all other waters of the state designated as RryrBody Contact Recreation.

(3) The screening level for enterococci shall bdeasity of 61 colonies per 100 ml in
streams designated in OAC 785:45 as Scenic Rivetsralakes, and 108 colonies per 100 ml
in all other waters of the state designated as RrinBody Contact Recreation.

(c) Fecal coliform:

(1) The Primary Body Contact Recreation subcategtegignated for a waterbody shall
be deemed to be fully supported with respect tal fealiform if the geometric mean of 400
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colonies per 100 ml is met and no greater than 28%he sample concentrations from that
waterbody exceed the screening level prescribgd)inf this Section.

(d) Escherichia coli (E. coli):

(1) The Primary Body Contact Recreation subcategtegignated for a waterbody shall
be deemed to be fully supported with respect took.if the geometric mean of 126 colonies
per 100 ml is met, or the sample concentrationsnfrthat waterbody taken during the
recreation season do not exceed the screening prestribed in (b) of this Section, or both
such conditions exist.

(e) Enterococci:

(1) The Primary Body Contact Recreation subcategtegignated for a waterbody shall
be deemed to be fully supported with respect tereabcci if the geometric mean of 33
colonies per 100 ml is met, or the sample concéptra from that waterbody taken during the
recreation season do not exceed the screening prestribed in (b) of this Section, or both
such conditions exist.

Where concurrent data exist for multiple bactenlicators on the same waterbody or
waterbody segment, each indicator group must detrate@scompliance with the numeric
criteria prescribed (OWRB 2008). Waterbodies pllaoe the 303(d) list for not supporting the
PBCR are the result of individual samples exceethegnstantaneous criteria or the long-term
geometric mean of individual samples exceeding gle@metric mean criteria for each
respective bacterial indicator. Targeting theansineous criterion established for the primary
contact recreation season (Maytb September 3%) as the water quality goal for TMDLs
corresponds to the basis for 303(d) listing and rbayprotective of the geometric mean
criterion as well as the criteria for the secondawgtact recreation season. However, both the
instantaneous and geometric mean criteriaHocoli and Enterococci will be evaluated as
water quality targets to ensure the most protegoa is established for each waterbody.

All TMDLs for fecal coliform must take into accoutitat no more than 25 percent of the
samples may exceed the instantaneous numericiariteffor E. coli and Enterococci, no
samples may exceed instantaneous criteria. Secattainability of stream beneficial uses for
E. coli and Enterococci is based on the compliance o€ettte instantaneous or a long-term
geometric mean criterion, percent reductions gadlde calculated for both criteria. TMDLs
will be based on the percent reduction requiredh&et either the instantaneous or the long-
term geometric mean criterion, whichever is less.

Turbidity is a measure of water clarity and is @by suspended particles in the water
column. Because turbidity cannot be expressed raass load, total suspended solids (TSS)
are used as a surrogate for the TMDLSs in this tep®herefore, both turbidity and TSS data
are presented.

Table ES-3 summarizes a subset of water qualityg dallected from the WQM stations
between 1998 and 2009 for turbidity under base ftowditions, which ODEQ considers to be
all flows less than the 35flow exceedance percentile (i.e., the lower 75ceetr of flows)
Water quality samples collected under flow condisigygreater than the $Hlow exceedance
percentile (highest flows) were therefore excluftedn the data set used for TMDL analysis.
Table ES-4 presents a subset of data for TSS saropliected during base flow conditions.
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Executive Summary

Table ES-3 Summary of Turbidity Samples Collected Dring Base Flow Conditions, 1998-2009

Number of N;;:nbﬁregf % Samples | Average
Waterbody ID Waterbody Name WQM Station 'Is'urbidity greate‘r)than Exc_ee(_jing Turbidity
amples 50 NTU Criterion (NTU)

0OK310840020020_00 | Sandstone Creek 0OK310840-02-0020C 18 3 17% 46
0OK310840020010_00 | Washita River at Site #384 0OK310840-02-0010G 19 5 2504 45
0OK310840010010_00 | Washita River at SH 33, McLure 310840010010-003RS 55 10 18% 51
OK310830030010_00 | Washita River at SH 152, Cordell 310830030010-001AT 86 25 20% 92
0OK310830020060_10 | Rainy Mountain Creek 0OK310830-02-0060G 16 50% 195
0OK310830020020_00 | Stinking Creek 0OK310830-02-0020D 20 2506 42
OK310830010010_00 | Washita River at US 281, Anadarko 310830010010-001AT 72 20 28% 51
0OK310810040140_00 | Wildhorse Creek 0OK310810-04-0140D 20 10 48% 81
OK310810020010_00 | Washita River at SH 19, near Alex 310810020010-001AT 31 10 320 104
0OK310810010190_00 | Washington Creek OK310810-01-0190G 12 50% 137
0OK310810010050_00 | Kickapoo Sandy Creek 0OK310810-01-0050G 17 18% 46
0K310810010010 10 | Washita River at SH 19, Pauls Valley | 310810010010-001AT 69 42 61% 108
0OK310800020040 00 | Sand Branch 0OK310800-02-0040C 20 5 25% 48
0OK310800020010_00 | Washita River at US 177, Durwood 310800020010-001AT 52 26 50% 118

JpanmingiTMDLIBact_Turbidty THDLS Wiashia RNEFT Washita TMDL Repor_061610.docx ES-6 FINAL

August 2010




Washita River Bacteria TMDLS

Executive Summary

Table ES-4 Summary of TSS Samples During Base FloBonditions, 1998-2009

Waterbody ID Waterbody Name WQM Station Nugg;rpcl)g;;rss Ave(rrﬁlg/el_')l'ss
0K310840020020 00 Sandstone Creek 0OK310840-02-0020C 19 49
0K310840020010 00 Washita River at Site #384 0OK310840-02-0010G 23 36
0K310840010010 00 Washita River at SH 33, McLure 310840010010-003RS 16 49
0K310830030010 00 Washita River at SH 152, Cordell 310830030010-001AT 37 84
0K310830020060 10 Rainy Mountain Creek 0OK310830-02-0060G 16 229
0K310830020020 00 Stinking Creek 0OK310830-02-0020D 19 37
0K310830010010 00 Washita River at US 281, Anadarko 310830010010-001AT 10 81
0K310810040140 00 Wildhorse Creek 0OK310810-04-0140D 20 61
0OK310810020010 00 * | Washita River at SH 19, near Alex 310810020010-001AT 0 -
0K310810010190 00 Washington Creek 0OK310810-01-0190G 11 104
0K310810010050 00 Kickapoo Sandy Creek 0OK310810-01-0050G 16 44
0OK310810010010 10 Washita River at SH 19, Pauls Valley 310810010010-001AT 13 134
0OK310800020040 00 Sand Branch 0OK310800-02-0040C 19 41
0K310800020010 00 Washita River at US 177, Durwood 310800020010-001AT 14 158

* Only turbidity samples were collected at thiesiTSS samples were not collected.
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The beneficial use of WWAC is one of several subgaties of the Fish and Wildlife
Propagation use established to manage the varietyommunities of fish and shellfish
throughout the state (OWRB 2008). The numeriegatfor turbidity to maintain and protect
the use of “Fish and Wildlife Propagation” from [€i785:45-5-12 (f) (7) are as follows:

(A) Turbidity from other than natural sources shiaé restricted to not exceed the following
numerical limits:

1. Cool Water Aquatic Community/Trout Fisheries: 10UST
2. Lakes: 25 NTU; and
3. Other surface waters: 50 NTUSs.

(B) In waters where background turbidity exceedss¢hvalues, turbidity from point sources
will be restricted to not exceed ambient levels.

(C) Numerical criteria listed in (A) of this paragph apply only to seasonal base flow
conditions.

(D) Elevated turbidity levels may be expected dyrand for several days after, a runoff event.

The abbrieviated excerpt below from Chapter 46::Z885-5, stipulates how water
quality data will be assessed to determine suppiofish and wildlife propagation as well as
how the water quality target for TMDLs will be dedd for turbidity.

Assessment of Fish and Wildlife Propagation support

(a) Scope. The provisions of this Section shallded to determine whether the beneficial
use of Fish and Wildlife Propagation or any subgaty thereof designated in OAC 785:45 for
a waterbody is supported.

(e) Turbidity. The criteria for turbidity stated ii85:45-5-12(f)(7) shall constitute the
screening levels for turbidity. The tests for uspport shall follow the default protocol in
785:46-15-4(b).

785:46-15-4. Default protocols
(b) Short term average numerical parameters.

(1) Short term average numerical parameters areedagoon exposure periods of less than
seven days. Short term average parameters to whishSection applies include, but are not
limited to, sample standards and turbidity.

(2) A beneficial use shall be deemed to be fullypetted for a given parameter whose
criterion is based upon a short term average if 10f4ess of the samples for that parameter
exceed the applicable screening level prescribeflismmSubchapter.

TMDLs for turbidity in streams designated as WWAQsntake into account that no more
than 10 percent of the samples may exceed the muoréerion of 50 nephelometric turbidity
units (NTU). However, as described above, becaudrdity cannot be expressed as a mass
load, TSS is used as a surrogate in this TMDL. c&ithere is no numeric criterion in the
Oklahoma WQS for TSS, a regression method to conkerturbidity criterion to TSS based
on a relationship between turbidity and TSS wagl useestablish TSS targets as surrogates.
Table ES-5 provides the results of the waterbodyi§ip regression analysis.
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Table ES-5 Regression Statistics and TSS Targets
R TSS TSS
Waterbody ID Waterbody Name square NRMSE | Goal MOS" Target
d (mg/L)? (mg/L)*
0OK310840020020_00 | Sandstone Creek 0.896 | 8.8% 60 10% 54
0OK310840020010_00 | Washita River at Site #384 0.508 | 19.4% 55 20% 44
OK310840010010_00 \,\’Avffg:tea River at SH 33, 0.873 | 10.5% 88 15% 75
OK310830030010_00 \évoizgﬁa River at SH 152, 0.773 | 12.5% 78 15% 66
0OK310830020060_10 | Rainy Mountain Creek 0.953 7.5% 58 10% 52
0K310830020020_00 | Stinking Creek 0.920 | 7.5% 41 10% 37
OK310830010010_oo | Washita River at US 281, 0.866 | 15.5% 86 15% 73
Anadarko
0OK310810040140_00 | Wildhorse Creek 0.930 | 6.0% 63 10% 57
OK310810020010_00 X\f:)fg"ta RiveratSH19,near | 259 | 1320 | 40 | 15% 34
0OK310810010190_00 | Washington Creek 0.568 | 24.8% 34 25% 26
0OK310810010050_00 | Kickapoo Sandy Creek 0.964 7.3% 60 10% 54
OK310810010010_10 | YWashita River at SH 19, 0721 | 132% | 40 | 15% 34
Pauls Valley
0K310800020040_00 | Sand Branch 0.775 | 23.1% 57 25% 43
OK310800020010_oo | \Washita River at US 177, 0621 | 15.0% | 54 | 15% 46
Durwood

NMRSE = normalized root mean square error

& Calculated using the regression equation anduttibédity standard (50 NTU)
® Based on the goodness-of-fit of the turbidity-Ti8§ression (NRMSE)
°WQ goal minus MOS

4 Data from regression for waterbody OK310810010000

E.2 Pollutant Source Assessment

A pollutant source assessment characterizes knowinsaspected sources of pollutant
loading to impaired waterbodies. Sources withimadershed are categorized and quantified to
the extent that information is available. Bacteniginate from warm-blooded animals; some
plant life and sources may be point or nonpointnature. Turbidity may originate from
NPDES-permitted facilities, fields, constructiotesi quarries, stormwater runoff and eroding
stream banks.

Point sources are permitted through the NPDE$§rpm. NPDES-permitted facilities
that discharge treated wastewater are required d@aitor for one of the three bacterial
indicators (fecal coliformE coli, or enterococci) and TSS in accordance with tpemmits.
Nonpoint sources are diffuse sources that typiazaiynot be identified as entering a waterbody
through a discrete conveyance at a single locatidanpoint sources may emanate from land
activities that contribute bacteria or TSS to stefavater as a result of rainfall runoff. For the
TMDLs in this report, all sources of pollutant laagl not regulated by NPDES are considered
nonpoint sources. Sediment loading of streamsoc@mnate from natural erosion processes,
including the weathering of soil, rocks, and unigalied land; geological abrasion; and other
natural phenomena. There is insufficient datalalbs to quantify contributions of TSS from
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these natural processes. TSS or sediment loadim@glso occur under non-runoff conditions
as a result of anthropogenic activities in ripar@nridors which cause erosive conditions.
Given the lack of data to establish the backgrooodditions for TSS/turbidity, separating
background loading from nonpoint sources, whethersifrom natural or anthropogenic
processes, is not feasible in this TMDL developmdiaible ES-6 summarizes the point and
nonpoint sources that contribute bacteria or TS&tih respective waterbody.
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Executive Summary

Table ES-6  Summary of Potential Pollutant SourcesybCategory

- . NPDES g
Municipal | Industrial No Construction Nonpoint
Waterbody ID Waterbody Name NPDES NPDES MS4 . CAFO | Mines | Stormwater P
- - Discharge ; Source
Facility Facility I Permit
Facility
OK310840020020 00 | Sandstone Creek TSS Ba%eé'a’
0OK310840020010_00 | Washita River at Site #384 TSS TSS
0OK310840010010_00 | Washita River at SH 33, McLure TSS TSS
0OK310830030010_00 | Washita River at SH 152, Cordell Bacteria TSS
0OK310830020060_10 | Rainy Mountain Creek TSS TSS TSS
0OK310830020020_00 | Stinking Creek TSS TSS
OK310830010010_00 | Washita River at US 281, Anadarko TSS TSS TSS
0OK310810040140_00 | Wildhorse Creek Bacteria Ba_lc_:tsesna,
. . . Bacteria,
0OK310810020010_00 | Washita River at SH 19, near Alex Bacteria TSS 1SS
0OK310810010190_00 | Washington Creek TSS
0OK310810010050_00 | Kickapoo Sandy Creek TSS TSS
0K310810010010_10 yaa"j;'ta River at SH 19, Pauls TSS TSS
0OK310800020040_00 | Sand Branch TSS TSS
0OK310800020010_00 | Washita River at US 177, Durwood TSS TSS TSS
No facility present in watershed.
Facility present in watershed, but not recognizegallutant source.
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E.3 Using Load Duration Curves to Develop TMDLs

The TMDL calculations presented in this report dezived from load duration curves
(LDC). LDCs facilitate rapid development of TMDLand as a TMDL development tool are
effective at identifying whether impairments aresasated with point or nonpoint sources.
The technical approach for using LDCs for TMDL deypenent includes the following steps:

Preparing flow duration curves for gaged and undalyéM stations;

Estimating existing loading in the waterbody usamgbient bacteria water quality data; and
estimating loading in the waterbody using measuf&S water quality data and
turbidity-converted data; and

Using LDCs to identify the critical condition thaiill dictate loading reductions and the
overall percent reduction goal (PRG) necessaryt&maWVQs.

Use of the LDC obviates the need to determine gydetorm or selected flow recurrence
interval with which to characterize the approprifitav level for the assessment of critical
conditions. For waterbodies impacted by both p@ntl nonpoint sources, the “nonpoint
source critical condition” would typically occur diog high flows, when rainfall runoff would
contribute the bulk of the pollutant load, whileethpoint source critical condition” would
typically occur during low flows, when wastewategdtment plant (WWTP) effluents would
dominate the base flow of the impaired water. Haveflow range is only a general indicator
of the relative proportion of point/nonpoint cobtrtions. Water quality criteria exceedances
have been noted under low flow conditions in soragevgheds that contain no point sources.

LDCs display the maximum allowable load over thenptete range of flow conditions by
a line using the calculation of flow multiplied laywater quality criterion. The TMDL can be
expressed as a continuous function of flow, equé#éhe line, or as a discrete value derived from
a specific flow condition.

The basic steps to generating an LDC involve:

» obtaining daily flow data for the site of interdsbm the U.S. Geological Survey
(USGS);

» sorting the flow data and calculating flow exceemtapercentiles for the time period
and season of interest;

* obtaining the water quality data from the primapntact recreation season (May 1
through September 30); or obtaining available tlithiand TSS water quality data;

* matching the water quality observations with tleevfldata from the same date;

» displaying a curve on a plot that represents tHewable load detemined by
multiplying the actual or estimated flow by the WQ@® each respective bacteria
indicator; or displaying a curve on a plot thatresgents the allowable load determined
by multiplying the actual or estimated flow by tiwater quality target for TSS;

* converting measured concentration values to logdsdtiplying the flow at the time
the sample was collected by the water quality patamconcentration (for sampling
events with both TSS and turbidity data, the measurSS value is used; if only
turbidity was measured, the value was converted8 using the regression equation
in Figure 4-1 through Figure 4-3); or multiplyinget flow by the bacteria indicator
concentration to calculate daily loads; then
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» plotting the flow exceedance percentiles and dagyl observations in a load duration
plot.

For bacteria TMDLs the culmination of these stepexpressed in the following formula,
which is displayed on the LDC as the TMDL curve:

TMDL (cfu/day) = WQS * flow (cfs) * unit conversiofiactor

Where: WQS = 400 cfu /100 mL (Fecal coliform); 4@6u/100 mL (E. coli); or 108 cfu/100
mL (Enterococci)

unit conversion factor = 24,465,525 mL*s / ft3*day

For turbidity (TSS) TMDLs the culmination of thesteps is expressed in the following
formula, which is displayed on the LDC as the TM@lrve:

TMDL (Ib/day) = WQgoat flow (cfs) * unit conversion factor

where: WQgoa/= waterbody specific TSS concentration derived froegression analysis
results presented in Table 4-1

unit conversion factor = 5.39377 L*s*Ib /(ftday*mg)

Historical observations of bacteria, TSS and/obitlity concentrations are paired with
flow data and are plotted as separate LDCs. Tbal feoliform load (or the y-value of each
point) is calculated by multiplying the fecal colifn concentration (colonies/100 mL) by the
instantaneous flow (cubic feet per second) at thmes site and time, with appropriate
volumetric and time unit conversions. Fecal coiiitE. colVEnterococci loads representing
exceedance of water quality criteria fall above wrager quality criterion line.  Likewise, the
TSS load (or the y-value of each point) is caladaby multiplying the TSS concentration
(measured or converted from turbidity) (mg/L) b ihstantaneous flow (cfs) at the same site
and time, with appropriate volumetric and time uoinversions. TSS loads representing
exceedance of water quality criteria fall above TMDL line.

E.4 TMDL Calculations

A TMDL is expressed as the sum of all WLAs (poiatgce loads), LAs (nonpoint source
loads), and an appropriate MOS, which attempts dooant for the lack of knowledge
concerning the relationship between effluent litnitas and water quality.

This definition can be expressed by the followiggation:
TMDL = X WLA +X LA + MOS

For each waterbody the TMDLs presented in this mepoe expressed as a percent
reduction across the full range of flow conditiorihe difference between existing loading and
the water quality target is used to calculate tbading reductions required. PRGs are
calculated for each waterbody and pathogen indidadoteria class as the reductions in load
required so no of the existing instantaneous waality observations would exceed the water
guality target folE. coliand enterococci and no more than 25 percent (fadhwles exceed the
water quality target for fecal coliform.

Table ES-7 presents the percent reductions negeksagach pathogen indicator causing
nonsupport of the PBCR use in each waterbody oSthdy Area. Selection of the appropriate
PRG for each waterbody in Table ES-7 is denoteddigt text. The TMDL PRG will be the
lesser of that required to meet the geometric neraimstantaneous criteria fd. coli and
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Enterococci because WQSs are considered to be,mé¢tither the geometric mean of all data
is less than the geometric mean criteria, or 23araples exceed the instantaneous criteria. The
PRGs range from 41 to 97 percent.

Table ES-7 TMDL Percent Reductions Required to MeeWater Quality Standards for
Indicator Bacteria

Required Reduction Rate
Waterbody ID Waterbody Name O EC ENT
Instant- | Instant- Geo- Instant- Geo-
aneous aneous mean aneous mean
0K310840020020 00 |Sandstone Creek 86% | 41% 99% 85%
0OK310830020020 00 | Stinking Creek 64% | 47% | 91% 86%
0K310810040140 00 |Wildhorse Creek 78% 70% 98% 93%
0OK310810020010 00 |Washita River at SH 19, near Alex| 82% 99% 86%
0OK310810010050 00 |Kickapoo Sandy Creek 64% 67% 91% 89%

Similarly, percent reduction goals for TSS are ghted as the required overall reduction
so that no more than 10 percent of the samplesedxttee water quality target for TSS. The
PRGs for the fourteen waterbodies included in TNEDL report are summarized in Table ES-
8 and range from 29 to 96 percent.

Table ES-8 TMDL Percent Reductions Required to MeeWater Quality Targets
for Total Suspended Solids

Required
Waterbody ID Waterbody Name Reducclion Rate
0K310840020020 00 |Sandstone Creek 56%
0K310840020010 00 |Washita River at Site #384 29%
0OK310840010010 00 |Washita River at SH 33, McLure 74%
0OK310830030010 00 |Washita River at SH 152, Cordell 73%
0OK310830020060 10 |Rainy Mountain Creek 96%
OK310830020020_00 | Stinking Creek 50%
0OK310830010010 00 |Washita River at US 281, Anadarko 58%
0K310810040140 00 |Wildhorse Creek 51%
0OK310810020010 00 |Washita River at SH 19, near Alex 77%
0OK310810010190 00 |Washington Creek 93%
0OK310810010050 00 |Kickapoo Sandy Creek 64%
0OK310810010010 10 |Washita River at SH 19, Pauls Valley 83%
0OK310800020040 00 |Sand Branch 66%
0OK310800020010 00 |Washita River at US 177, Durwood 85%

The TMDL, WLA, LA, and MOS vary with flow conditigrand are calculated at ever{ 5
flow interval percentile. The WLA component of BatMDL is the sum of all WLAs within
each contributing watershed. The sum of the WL#s loe represented as a single line below
the LDC. The LDC and the simple equation of:

Average LA = average TMDL — MOSY}WLA

can provide an individual value for the LA in cosimter day, which represents the area under
the TMDL target line and above the WLA line.
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Federal regulations (40 CFR 8130.7(c)(1)) requimat tTMDLs include a MOS and
account for seasonal variability. The MOS, whielm ®e implicit or explicit, is a conservative
measure incorporated into the TMDL equation thatoaots for the the lack of knowledge
associated with calculating the allowable pollutaading to ensure WQSs are attained.

For bacteria TMDLs, an explicit MOS was set at #cpnt, thus, allowable loads were
calculated using targets that are 10 percent IaWwan the water quality criterion for each
pathogen, which equates to 360 cfu/100 mL, 3654160 mL, and 97.2/100 mL for fecal
coliform, E. coli, and Enterococgcrespectively. This conservative approach to distahg the
MOS will ensure that both the 30-day geometric meash instantaneous bacteria standards can
be achieved and maintained.

For turbidity, the TMDLs are calculated for TSSteed of turbidity. Thus, the quality of
the regression has a direct impact on confidencthe@fTMDL calculations. The better the
regression is, the more confidence there is inTtREDL targets. As a result, it leads to a
smaller margin of safety. The selection of MO®ased on the normalized root mean square
error (NRMSE) for each waterbody. The explicit M@®iges from 10 percent to 25 percent.
Table 5-5 shows the MOS for each waterbody.

The bacteria TMDLs established in this report adhgr the seasonal application of
Oklahoma WQS, which limit the PBCR use to the pkiid May £ through September 30
Similarly, the TSS TMDLs established in this repadhere to the seasonal application of
Oklahoma WQS for turbidity, which apply to seasobate flow conditions only. Seasonal
variation was also accounted for in these TMDLsubyng more than 5 years of water quality
data and by using the longest period of USGS flewords when estimating flows to develop
flow exceedance percentiles.

E.5 Reasonable Assurance

As authorized by Section 402 of the CWA, ODEQ hateghtion of the NPDES in
Oklahoma, except for certain jurisdictional areakted to agriculture and the oil and gas
industry retained by the Oklahoma Department ofi@dture, Food, and Foresty and the
Oklahoma Corporation Commission, for which the USHRs retained permitting authority.
The NPDES program in Oklahoma is implemented vike B52, Chapter 606 of the Oklahoma
Pollution Discharge Elimination System (OPDES) Aatd in accordance with the agreement
between ODEQ and USEPA relating to administratiol &nforcement of the delegated
NPDES program. Implementation of WLAs for poinusmes is done through permits issued
under the OPDES program. The reduction ratescc&tlein this TMDL report are as high as
97 percent. The ODEQ recognizes that achievindgp $ugh reductions will be a challenge,
especially since unregulated nonpoint sources ameaj@r cause of both bacteria and TSS
loading. The high reduction rates are not uncomfieorpathogen- or TSS-impaired waters.
Similar reduction rates are often found in othaéhpgen and TSS TMDLs around the nation.
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SECTION 1
INTRODUCTION

1.1 TMDL Program Background

Section 303(d) of the Clean Water Act (CWA) and .\ESvironmental Protection Agency
(USEPA) Water Quality Planning and Management Ragis (40 Code of Federal
Regulations [CFR] Part 130) require states to dgvébtal maximum daily loads (TMDL) for
waterbodies not meeting designated uses where dlgwbased controls are in place.
TMDLs establish the allowable loadings of pollugmatr other quantifiable parameters for a
waterbody based on the relationship between pofiusources and instream water quality
conditions, so states can implement water quabisel controls to reduce pollution from point
and nonpoint sources and restore and maintain watdity (USEPA 1991).

This report documents the data and assessmentagsthblish TMDLs for the pathogen
indicator bacteria [fecal coliformEscherichia coli (E. coli)Enterococci] and turbidity for
selected waterbodies in the Washita River basiAll fiture references to bacteria in this
document imply these three classes of fecal pathagéicator bacteria unless specifically
stated otherwise.) Elevated levels of pathogencatdr bacteria in aquatic environments
indicate that a waterbody is contaminated with hura animal feces and that a potential
health risk exists for individuals exposed to thatev. Elevated turbidity levels caused by
excessive sediment loading and stream bank erasipact aquatic biological communities.
Data assessment and TMDL calculations are conduntestcordance with requirements of
Section 303(d) of the CWA, Water Quality Planningdadanagement Regulations (40 CFR
Part 130), USEPA guidance, and Oklahoma Departroenvironmental Quality (ODEQ)
guidance and procedures. ODEQ is required to suainTMDLs to USEPA for review and
approval. Once the USEPA approves a TMDL, thenathierbody may be moved to Category
4a of a state’s Integrated Water Quality Monitoramgd Assessment Report, where it remains
until compliance with water quality standards (W@Sachieved (USEPA 2003).

The purpose of this TMDL report is to establishlyi@int load allocations for indicator
bacteria and turbidity in impaired waterbodies, athis the first step toward restoring water
qguality and protecting public health. TMDLs detamenthe pollutant loading a waterbody can
assimilate without exceeding the WQS for that gatd. TMDLs also establish the pollutant
load allocation necessary to meet the WQS estadisior a waterbody based on the
relationship between pollutant sources and instreeater quality conditions. A TMDL
consists of a wasteload allocation (WLA), load edloon (LA), and a margin of safety (MOS).
The WLA is the fraction of the total pollutant loagportioned to point sources, and includes
stormwater discharges regulated under the NatiBo#dlutant Discharge Elimination System
(NPDES). The LA is the fraction of the total padat load apportioned to nonpoint sources.
The MOS is a percentage of the TMDL set aside tmwaat for the the lack of knowledge
associated with natural process in aquatic systemodel assumptions, and data limitations.

This report does not stipulate specific controlarts (regulatory controls) or management
measures (voluntary best management practices)ssamgeto reduce bacteria or turbidity
within each watershed. Watershed-specific corgotilons and management measures will be
identified, selected, and implemented under a s¢parocess involving stakeholders who live
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and work in the watersheds, along with tribes, &mchl, state, and federal government
agencies.

This TMDL report focuses on waterbodies that ODH&Z@d in Category 5 [303(d) list] of
the Water Quality in Oklahoma, 2008 Integrated Rep@2008 Integrated Report) for
nonsupport of the primary body contact recreatPBQR) or warm water aquatic community
(WWAC) designated used. The waterbodies addressethis report, which are presented
upstream to downstream, include:

Sandstone Creek (OK310840020020_00),

Washita River at Site #384 (OK310840020010_00),
Washita River at SH 33, McLure (OK310840010010_00),
Washita River at SH 152, Cordell (OK310830030010, 00
Rainy Mountain Creek (OK310830020060_10),

Stinking Creek (OK310830020020_00),

Washita River at US 281, Anadarko (OK310830010009, 0
Wildhorse Creek (OK310810040140_00),

Washita River at SH 19, near Alex (OK31081002001), 0
Washington Creek (OK310810020200_00),

Kickapoo Sandy Creek (OK310810020170_00),

Washita River at SH 19, Pauls Valley (OK3108100100D),
Sand Branch (OK310800020040_00), and

Washita River at US 177, Durwood (OK310800020010(. 00

Figures 1-1 and 1-2 are location maps showing tl@dahoma waterbodies and their
contributing watersheds. These maps also displegtions of the water quality monitoring
(WQM) stations used as the basis for placementedd waterbodies on the Oklahoma 303(d)
list. These waterbodies and their surrounding msaexs are hereinafter referred to as the
Study Area.
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Figure 1-1  Upper Washita River Watersheds Not Suppting Primary Body Contact Recreation or Fish and Wildlife
Propagation
s \J‘ } 1] L e 0 .
Elliz &
j R Drmavey |
AT 0 ; R
Y It . 0»231-584@2-00106 } - |
Homphil | ()| ~ART T % U 22 3
el \;";(,'!j} .’I l:.‘a _t;ﬁ r‘ i - i \, Custer \._% e
! AT LA Z
1 'H%-e’ 2 W s 973242001 |- 10640010010-003RS RS
il ] i i i OK31084001004D_00 l} 4 /)
ik A 5 £y = WWashita River at SH :33, McLur: l’L\ Bhife:
Fal F,( I ‘- OKCH 084 0-02- 00200 13
i 'ﬁmagmmgo’ﬁm }!.f Al Toydearm | b 07324400 a3 Canadian
vashita River at Site # ¥ &, 2
e ]
Whesler 3 e ""J/r-- ﬁh?axgn ak H:gfog di"l\\l : )
‘\i T JJ = i ver at S , Cor
A al(sz;mmz%m_km . ; J ! 7
i M 1 e kres! !
Texas |Oklahoma o7 1
3 b @l
24, = . Gm’!\
! } G r/ !h:anhlm F10830030010-004 AT ’ P #
[EEvinine) ’r/, \. ; 2 3 s
€D Beckham y
: /—JJ ‘é/ J} \\L é \ olcamaacmum'_nn "
i Ty 4 D jSeutine] Sekyy Washita River st US 281, Anadarko
Solling: . b
b } \.l 1 /\k\ LA }' OK310830-02-0060G DA X
Legend _ /g f = 0732650
$ J u 310830010010-001AT 3
o mM Station THMBL Wattrshids ? OK2310830-02-00200
A USGS Station [ OK310830010010_00 . - L !
4 Cites [ ] ox310830020020_00) - : G ¢ it .
Major Highways acemnen oy [3 2 e
——— 305(d) Listed Stream L] OK310830030010_00 4 [okaTosn0Z080_T0 /“‘
Raimy Mountain Creek I
[ counties [ oK310840010010_00 izl i .
! . - . e
[ ] okatosdoo20010_00] 1 5o e TH L —
[ ok310840020020 00 m@&\’, oot ; & B et W -
L E 1] T = ? C" [ 4 R ) L K c\ h\ = 5 I

J:\planning\TMDL\Bact_Turbidity_ TMDLs\Washita RiweFT Washita TMDL Report_061610.docx

1-3

FINAL
August 2010



Washita River Bacteria and Turbidity TMDLs

Figure 1-2
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Elevated levels of pathogen indicator bacteriaunbitlity above the WQS result in the
requirement that a TMDL be developed. The TMDLslglsshed in this report are a necessary
step in the process to develop the pollutant lagadontrols needed to restore the primary body
contact recreation or fish and wildlife propagatioses designated for each waterbody.
Table 1-1 provides a description of the locatiorisVWQM stations on the 303(d)-listed
waterbodies.

Table 1-1 Water Quality Monitoring Stations used fo 2008 303(d) ListingDecision

WQM Station WaterbodyLlc\)lggtlieO?nd SIEN I Waterbody ID
OK310840-02-0020C Sandstone Creek at E0980 Road 0OK310840020020_00
0OK310840-02-0010G Washita River at Site #384 0OK310840020010_00
310840010010-003RS Washita River at SH 33, McLure 0OK310840010010_00
310830030010-001AT Washita River at SH 152, Cordell OK310830030010_00
0OK310830-02-0060G Rainy Mountain Creek at State Road 9 OK310830020060_10
OK310830-02-0020D Stinking Creek at State Road 9 OK310830020020_00
310830010010-001AT Washita River at US 281, Anadarko 0OK310830010010_00
OK310810-04-0140D Wildhorse Creek 0OK310810040140_00
310810020010-001AT Washita River at SH 19, near Alex 0OK310810020010_00
OK310810-01-0190G Washington Creek 0OK310810010190_00
0OK310810-01-0050G Kickapoo Sandy Creek at SH 77 0OK310810010050_00
310810010010-001AT Washita River at SH 19, Pauls Valley 0OK310810010010_10
OK310800-02-0040C Sand Branch at County Road 199 OK310800020040_00
310800020010-001AT Washita River at US 177, Durwood OK310800020010_00

1.2 Watershed Description

General. The Washita River basin is located in the southevasportion of Oklahoma.
The majority of the waterbodies addressed in tamort are located in Roger Mills, Custer,
Washita, Caddo, Kiowa, Grady, McClain, Garvin, Murand Carter Counties. Wildhorse
Creek (OK310810040140_00) is located in Stephenmtyo These counties are part of the
Central Great Plains and Cross Timbers Level ldregions (Woods, A.J, Omerik, J.M., et al
2005). The watersheds in the Study Area are Idcatethe Anadarko Basin geological
province. Table 1-2, derived from the 2000 U.Sn<les, demonstrates that the counties in
which these watersheds are located are sparselyigted (U.S. Census Bureau 2000). Table
1-3 lists the towns and cities located in each vghted.
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Table 1-2 County Population and Density
] Population
County Name (2288%22233) D%nsity '
(per square mile)

Roger Mills 3,436 3
Custer 26,142 26
Washita 11,508 12
Caddo 30,150 24
Grady 45,516 41
McClain 32,500* 49
Garvin 27,210 34
Murray 12,623 30
Carter 45,621 55
Stephens 43,182 49

* Census updated in 2006

Table 1-3

Towns and Cities by Watershed

Waterbody Name

Waterbody ID

Municipality

Sandstone Creek

OK310840020020_00

Berlin

Washita River, Site # 384

OK310840020010_00

Mackie, Reydon, Cheyenne,
Strong City, Roll, Herring

Washita River, off SH 33, near McLure

OK310840010010_00

McLure, Carpenter, Hammon,
Leedey, Moorewood

Washita River, SH 152, Cordell

OK310830030010_00

Bessie, Corn, New Cordell

Rainy Mountain Creek

OK310830020060_10

Komalty, Gotebo, Cooperton,
Mountain View

Stinking Creek

OK310830020020_00

Washita River, US 281, Anadarko

OK310830010010_00

Lookeba, Binger, Gracemont,
Anadarko,

Wildhorse Creek

OK310810040140_00

Marlow

Washita River, off SH 19, near Alex

OK310810020010_00

Alex, Bradley, Criner, Lindsay, Erin
Springs

Washington Creek

OK310810010190_00

Kickapoo Sandy Creek

OK310810010050_00

Washita River, SH 19, Pauls Valley

OK310810010010_10

Wayne, Byars, Pauls Valley, Paoli,
White Bead

Sand Branch Creek

OK310800020040_00

Washita River, US 177, Durwood

OK310800020010_00

Fox, Springer, Gene Autry,
Dickson

J\planning\TMDL\Bact_Turbidity_TMDLs\Washita RiverFT Washita TMDL Report_061610.docx

1-6

FINAL
August 2010




Washita River Bacteria and Turbidity TMDLs Introduction

Climate. Table 1-4 summarizes the average annual pretguitdor each Oklahoma
waterbody based on the approximate midpoint of eaatershed. Average annual
precipitation values among the watersheds in thrsign of Oklahoma range between 25 and
40 inches (Oklahoma Climate Survey 2007).

Table 1-4 Average Annual Precipitation by Watershed

Washita River Basin Precipitation Summary
Average
Waterbody Name Waterbody ID Preﬁ?;i?;tlion

(inches)
Sandstone Creek 0OK310840020020_00 27
Washita River: Site # 384 0OK310840020010_00 25
Washita River, off SH 33, near McLure 0OK310840010010_00 27
Washita River, SH 152, Cordell 0OK310830030010_00 30
Rainy Mountain Creek 0OK310830020060_10 30
Stinking Creek 0OK310830020020_00 31
Washita River, US 281, Anadarko 0OK310830010010_00 32
Wildhorse Creek 0OK310810040140_00 36
Washita River, off SH 19, near Alex 0OK310810020010_00 37
Washington Creek 0OK310810010190 00 39
Kickapoo Sandy Creek 0OK310810010050_00 40
Washita River, SH 19, Pauls Valley 0OK310810010010_10 39
Sand Branch Creek 0OK310800020040_00 39
Washita River, US 177, Durwood 0OK310800020010_00 39

Land Use. Tables 1-5a and 1-5b summarize the percentageaaadges of the land use
categories for the contributing watershed assatiatieéh each respective Oklahoma waterbody
addressed in the Study Area. The land use/laneércdata were derived from the U.S.
Geological Survey (USGS) 2001 National Land CovetaSet (USGS 2007). The land use
categories are displayed in Figure 1-3. The twetndominant land use category throughout
the Washita River Study Area is grasslands/herheced-ive watersheds in the Study Area
have a significant percentage of land use clasis#gedeciduous forest including Washita River
at US 177, Durwood (OK310800020010_00), Sand Brg@£310800020040_00), Kickapoo
Sandy Creek (OK310810020170_00), Washington Cre@iK310810020200 _00), and
Wildhorse Creek (OK310810040140 00). Five watadshén the Study Area have a
significant percentage of land use classified dsvated crops including Washita River at US
SH 152, Cordell (OK310830030010_00), Rainy Mount&ireek (OK310830020060_00),
Stinking Creek (OK310830020020_00), Washita Rivet ®.S. 281, Anadarko
(OK310830010010_00), and Wildhorse Creek (OK310800@0_00). The aggregated total of
low, medium, and high intensity developed land acte for less than 2 percent of the land use
in each watershed. The watersheds targeted for [T B&¥elopment in this Study Area range
in size from 7,610 acres (Kickapoo Sandy Creeld04,873 acres (Washita River at Site #384,
OK310840020010_00).
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Figure 1-3  Land Use Map
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Table 1-5a Land Use Summaries by Watershed
WQM Station
Landuse Category e e @k Washita River: Site Washita River at Washita River at Rainy Mountain Stinking Creek Washita River at
#384 SH 33 SH 152 Creek 9 US 281
Waterbody ID OK310840020020_00 | OK310840020010 00 | OK310840010010 00 | OK310830030010 00 | OK310830020060 10 | OK310830020020 00 | OK310830010010_00
Percent of Open Water 0.45% 0.27% 2.70% 0.27% 0.50% 0.52% 0.92%
g%;fﬁrgp‘;fcze"e"’ped' 0.60% 0.81% 0.98% 3.63% 3.83% 4.07% 4.85%
ngﬁ:‘é‘r’éﬁ;"e"’ped' 0.02% 0.05% 0.06% 0.38% 0.13% 0.04% 0.62%
fﬂiﬁim ?r]:tzﬁ\s/ﬁ)l?pecj' 0.00% 0.01% 0.02% 0.11% 0.02% 0.00% 0.18%
Egﬁ‘ig: eor': Sﬁsve"’ped' 0.00% 0.00% 0.00% 0.04% 0.00% 0.00% 0.13%
F;é‘éﬁ?é;’;;g;ey? Land 0.94% 0.23% 0.03% 0.01% 0.06% 0.03% 0.01%
Egrrg;m of Deciduous 0.01% 0.02% 0.00% 0.46% 0.45% 2.34% 6.74%
Egrrg;“t of Evergreen 0.00% 0.00% 0.00% 0.13% 0.30% 0.10% 12.70%
Percent of Mixed Forest 1.15% 0.43% 1.31% 0.98% 1.83% 0.35% 0.00%
Percent of Shrub/Scrub 27.66% 28.24% 22.19% 8.46% 28.62% 2.58% 0.06%
g?;(;i?atr?df/Herbaceous 64.38% 64.80% 60.32% 26.22% 20.42% 45.60% 48.72%
Percent of Pasture/Hay 0.00% 0.00% 0.00% 0.01% 0.25% 0.25% 0.33%
Efg;‘:m of Cultivated 4.78% 5.13% 12.30% 59.28% 43.55% 44.13% 24.76%
chgzﬂéngVOOdy 0.03% 0.02% 0.08% 0.04% 0.03% 0.00% 0.00%
E‘;EZ’;?LEWJE;Q;S 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
Acres Open Water 208 1,098 7,226 827 1,010 352 1,846
éggi;DeVQOped'Ope” 397 3,264 2,610 11,319 7,675 2,741 9,697
ﬁﬁgﬁ;ﬁfvaOpEd'Low 11 218 173 1,176 256 24 1,236
Acres Developed,
Medium Intensity 0 49 57 329 41 1 366
ﬁ‘;;?}ssige"e"’ped’ High 0 2 3 115 7 0 250
Acres Barren Land
(Rock/Sand/Clay) 621 914 80 34 121 18 12
1-9 FINAL
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Landuse Category

WQM Station

Sandstone Creek

Washita River: Site
#384

Washita River at
SH 33

Washita River at
SH 152

Rainy Mountain
Creek

Stinking Creek

Washita River at
US 281

Waterbody ID

0OK310840020020_00

0OK310840020010_00

0OK310840010010_00

0OK310830030010_00

0OK310830020060_10

0OK310830020020_00

0OK310830010010_00

Acres Deciduous Forest 4 68 0 1,438 905 1,579 13,473
Acres Evergreen Forest 0 13 3 393 608 64 25,405
Acres Mixed Forest 764 1,730 3,506 3,061 3,657 235 2
Acres Shrub/Scrub 18,337 114,336 59,361 26,385 57,344 1,742 112
Acres 42,682 262,360 161,367 81,785 40,922 30,733 97,448
Grassland/Herbaceous
Acres Pasture/Hay 0 0 0 24 507 171 651
Acres Cultivated Crops 3,171 20,750 32,899 184,869 87,253 29,744 49,531
Acres Woody Wetlands 17 71 222 126 51 0 0
Acres Emergent
Herbaceous Wetlands 0 0 0 0 5 0 4
Total (Acres) 66,301 404,873 267,507 311,883 200,362 67,402 200,034
1-10 FINAL
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Washita River Bacteria and Turbidity TMDLs

Introduction

Table 1-5b  Land Use Summaries by Watershed
WQM Station
Landuse Category Washita River near Kicka ita Ri ita Ri
. - poo Sandy Washita River near Washita River at
Wildhorse Creek Alex Washington Creek Creek Pauls Valley Sand Branch Us 177
Waterbody 1D OK310810040140_00 | OK310810020010_00 | OK310810010190_00 | OK310810010050 00 | OK310810010010 10 | OK310800020040_00 | OK310800020010_00
Percent of Open Water 3.70% 1.49% 3.80% 1.07% 2.75% 0.57% 1.48%
g?)rgr?gt p‘;fcze"e"’ped' 4.79% 3.74% 4.01% 3.52% 4.39% 4.05% 3.41%
ngﬁ:‘é‘r’éﬁ;"e"’ped' 1.06% 0.29% 0.23% 0.43% 0.63% 1.57% 1.08%
;‘Zﬁim ?rf]tzﬁ‘s’g)'/o"‘ad' 0.37% 0.09% 0.02% 0.00% 0.07% 0.19% 0.28%
Egﬁ‘ig: eorf sﬁsve"’ped' 0.18% 0.03% 0.00% 0.02% 0.01% 0.00% 0.11%
Percent of Barren
Land 0.00% 0.02% 0.00% 0.04% 0.02% 0.75% 0.11%
(Rock/Sand/Clay)
Egrrggtm of Deciduous 20.21% 14.44% 21.21% 22.06% 16.49% 37.11% 25.61%
Egrrggtm of Evergreen 0.00% 0.02% 0.00% 0.00% 0.03% 0.11% 0.84%
Egrrg;“t of Mixed 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
gﬁ:ﬁg?ég:ub 0.01% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
gf;‘;i?;f; Herbaceous 49.48% 57.90% 53.70% 53.50% 46.56% 39.92% 49.51%
Eggiﬁpélﬁfay 0.87% 6.20% 9.10% 13.74% 13.65% 14.60% 12.19%
Efg;esm of Cultivated 19.33% 15.78% 7.93% 5.61% 15.40% 1.12% 5.38%
S\fégzgégf Woody 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
EZ;EZQL‘;LEW;?::; < 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
Acres Open Water 1,045 4,770 500 82 4,344 59 4,211
égeerf SDE;’Ce(LOpEd' 1,352 11,983 527 268 6,942 420 9,742
m;?fsige"e"’pe“’ Low 300 937 30 32 999 163 3,090
Acres Developed, 105 278 2 0 108 20 790
Medium Intensity
1-11 FINAL
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Landuse Category

WQM Station

Wildhorse Creek

Washita River near
Alex

Washington Creek

Kickapoo Sandy
Creek

Washita River near
Pauls Valley

Sand Branch

Washita River at
us 177

Waterbody ID

0OK310810040140_00

0OK310810020010_00

0OK310810010190_00

0OK310810010050_00

0OK310810010010_10

0OK310800020040_00

0OK310800020010_00

Acres Developed, High

Intensity 52 85 0 2 16 0 311
Acres Barren Land
(Rock/Sand/Clay) 0 59 0 3 28 8 304
ﬁg[g;Dec'duous 5,709 46,268 2,787 1,679 26,067 3,853 73,088
Acres Evergreen 0 69 0 0 46 12 2,385
Forest
Acres Mixed Forest 0 0 0 0 0 0 0
Acres Shrub/Scrub 2 16 0 0 0 0 0
Acres
13,976 185,533 7,056 4,071 73,583 4,144 141,289

Grassland/Herbaceous
Acres Pasture/Hay 246 19,863 1,196 1,046 21,579 1,516 34,784
Acres Cultivated Crops 5,460 50,556 1,042 427 24,341 117 15,352
Acres Woody
Wetlands 0 0 0 0 0 0 0
Acres Emergent
Herbaceous Wetlands 0 5 0 0 0 0 ’
Total (Acres) 28,247 320,422 13,140 7,610 158,054 10,381 285,352
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Washita River Bacteria and Turbidity TMDLs Introduction

1.3 Stream Flow Conditions

Stream flow characteristics and data are key inébion when conducting water quality
assessments such as TMDLs. The USGS operatesgtges throughout Oklahoma, from
which long-term stream flow records can be obtaindd various WQM stations additional
flow measurements are available which were coltecié the same time bacteria, total
suspended solids (TSS) and turbidity water qual@yples were collected. Not all of the
waterbodies in this Study Area have historical fldata available. However, the flow data
from the surrounding USGS gage stations and thanteneous flow measurement data, along
with water quality samples have been used to es#irih@ws for ungaged streams. Flow data
collected at the time of water quality sampling @meluded in Appendix A along with
corresponding water chemistry data results. A samrof the method used to project flows
for ungaged streams and flow exceedance percefrilesprojected flow data are provided in
Appendix B.
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Washita River Bacteria and Turbidity TMDLs Probl&gentification and Water Quality Target

SECTION 2
PROBLEM IDENTIFICATION AND WATER QUALITY TARGET

2.1 Oklahoma Water Quality Standards

Title 785 of the Oklahoma Administrative Code camsa Oklahoma’s water quality
standards and implementation procedures (OWRB 2008)e Oklahoma Water Resources
Board (OWRB) has statutory authority and respotigibconcerning establishment of state
water quality standards, as provided under 82 @ktahStatute [O.S.], 81085.30. This statute
authorizes the OWRB to promulgate rulesvhich establish classifications of uses of watédrs o
the state, criteria to maintain and protect suchssifications, and other standards or policies
pertaining to the quality of such watef8.S. 82:1085:30(A)] Beneficial uses are designated
for all waters of the state. Such uses are predethrough restrictions imposed by the
antidegradation policy statement, narrative wataslity criteria, and numerical criteria
(OWRB 2008). An excerpt of the Oklahoma WQS (Tifl®85) summarizing the State of
Oklahoma Antidegredation Policy is provided in Apdix D. Table 2-1a, an excerpt from the
2008 Integrated Report (ODEQ 2008), lists bendfies®s designated for each bacteria and/or
turbidity impaired stream segment in the Study Afidee beneficial uses include:

* AES - Aesthetics

* AG — Agriculture Water Supply

* HLAC - Habitat Limited Aquatic Community
« WWAC — Warm Water Aquatic Community

* FISH — Fish Consumption

* PBCR - Primary Body Contact Recreation

* SBCR - Secondary Body Contact Recreation
* PPWS - Public & Private Water Supply

» EWS - Emergency Water Supply

* SWS - Sensitive Water Supply

Table 2-1 summarizes the PBCR and WWAC use attaihrs&atus and bacteria &
turbidity impairment status for streams in the $tédea. The TMDL priority shown in Table
2-1 is directly related to the TMDL target datdhe TMDLs established in this report, which
are a necessary step in the process of restoririgr waality, only address bacteria and/or
turbidity impairments that affect the PBCR and WWAEneficial uses.

The definition of PBCR is summarized by the follogriexcerpt from Chapter 45 of the
Oklahoma WQSs.

(a) Primary Body Contact Recreation involves dirbody contact with the water where a
possibility of ingestion exists. In these cases water shall not contain chemical,
physical or biological substances in concentratidhat are irritating to skin or sense
organs or are toxic or cause illness upon ingesbgrhuman beings.

(b) In waters designated for Primary Body Contaaciation...limits...shall apply only
during the recreation period of May 1 to Septem®@r The criteria for Secondary Body
Contact Recreation will apply during the remaindé¢ithe year.
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Washita River Bacteria and Turbidity TMDLs

Problem Identification and Water Quality Target

Table 2-1 Excerpt from the 2008 Integrated Report -Oklahoma 303(d) List of Impaired Waters (Category5)
DS IENE Designated
Stream | TMDL E PrliJns1:1r e Ui
Waterbody ID Waterbody Name 3 Priority | ENT o FC y Turbidity Water
Miles Date coli Body Aquatic
Contact qLi fe
Recreation

OK310840020020_00 | Sandstone Creek 14.59 2016 3 X X N X N
0OK310840020010_00 | Washita River at Site #384 61.94 2016 3 X N
0OK310840010010_00 | Washita River at SH 33, McLure 18.62 2016 3 X N
OK310830030010_00 | Washita River at SH 152, Cordell 49.32 2019 4 X N
0OK310830020060_10 | Rainy Mountain Creek 32.33 2019 4 X N
0OK310830020020_00 | Stinking Creek 18.36 2019 4 X X N X N
OK310830010010_00 | Washita River at US 281, Anadarko 20.68 2016 3 X N
OK310810040140_00 | Wildhorse Creek 11.13 2016 3 X X N X N
OK310810020010_00 | Washita River at SH 19, near Alex 63.16 2019 4 X X N X N
OK310810010190_00 | Washington Creek 6.49 2016 3 X N
OK310810010050_00 | Kickapoo Sandy Creek 10.19 2019 4 X X N X N
0K310810010010_10 yaal‘lse@'ta River at SH 19, Pauls 32.87 | 2016 3 X N
OK310800020040_00 | Sand Branch 6.24 2016 3 X N
OK310800020010_00 | Washita River at US 177, Durwood 32.87 2016 3 X N

ENT = enterococci; FC = fecal coliform

N = Not Attaining; X = Criterion Exceeded, TMDL Re&iged

Source: 2008 Integrated Report, ODEQ 2008.
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Table 2-1a  Designated Beneficial Uses for Each Impad Waterbody in the Study Area

>
®

Waterbody ID Waterbody Name AES WWAC FISH PBCR | SBCR | PPWS | Limitation

0OK310840020020_00 | Sandstone Creek

2
X

N

OK310840020010_00 | Washita River at Site #384

0OK310840010010_00 | Washita River at SH 33, McLure

Z|Z|—
m|m|—=| -

0OK310830030010_00 | Washita River at SH 152, Cordell

0OK310830020060_10 | Rainy Mountain Creek

OK310830020020_00 | Stinking Creek

0OK310830010010_00 | Washita River at US 281, Anadarko

SWS

0OK310810020010_00 | Washita River at SH 19, near Alex

0OK310810010190_00 | Washington Creek SWS

OK310810010050_00 | Kickapoo Sandy Creek

0OK310810010010_10 | Washita River at SH 19, Pauls Valley

0OK310800020040_00 | Sand Branch

MTMMmmmmmm|Z|Z2|T|T|m|Tn
ZlZz\Z\Z2z1Z2|Z2|1Z2|Z2|1Z2|12|1Z2|1Z2|2
Z|IX|Z|IX|X|—|X[Z|X[X|7|Z|X

F
F
I
I
F
F
I
0OK310810040140_00 | Wildhorse Creek F

I
F
F
I
F
I

Z2|1Z2|1Z2|1Z2|—|Z2|2|2|2

0OK310800020010_00 | Washita River at US 177, Durwood

F — Fully supporting; N — Not supporting; | — Inicient information; X — Not assessed

J\planning\TMDL\Bact_Turbidity_TMDLs\Washita RiwerFT Washita TMDL Report_061610.docx 2 '3 F I N A L

August 2010



Washita River Bacteria and Turbidity TMDLs Probl&gentification and Water Quality Target

To implement Oklahoma's WQS for PBCR, OWRB promtéga Chapter 46,
Implementation of Oklahoma’s Water Quality Standg(dWRB 2008a). The excerpt below
from Chapter 46: 785:46-15-6, stipulates how wgtality data will be assessed to determine
support of the PBCR use as well as how the watalityuarget for TMDLs will be defined for
each bacterial indicator.

(a) Scope. The provisions of this Section shallused to determine whether the
subcategory of Primary Body Contact of the bengfiose of Recreation designated in OAC
785:45 for a waterbody is supported during the eatron season from May 1 through
September 30 each year. Where data exist for nailtjacterial indicators on the same
waterbody or waterbody segment, the determinatfarse support shall be based upon the use
and application of all applicable tests and data.

(b) Screening levels.
(1) The screening level for fecal coliform shalldbdensity of 400 colonies per 100 ml.

(2) The screening level for Escherichia coli shmdla density of 235 colonies per 100 ml in
streams designated in OAC 785:45 as Scenic Rivetsralakes, and 406 colonies per 100 ml
in all other waters of the state designated as RrinBody Contact Recreation.

(3) The screening level for enterococci shall bdemsity of 61 colonies per 100 ml in
streams designated in OAC 785:45 as Scenic Rivetsralakes, and 108 colonies per 100 ml
in all other waters of the state designated as RryrBody Contact Recreation.

(c) Fecal coliform:

(1) The Primary Body Contact Recreation subcategtegignated for a waterbody shall
be deemed to be fully supported with respect tal fealiform if the geometric mean of 400
colonies per 100 ml is met and no greater than 28%he sample concentrations from that
waterbody exceed the screening level prescribégd)inf this Section.

(2) The Primary Body Contact Recreation subcategtegignated for a waterbody shall
be deemed to be not supported with respect to feadbrm if the geometric mean of 400
colonies per 100 ml is not met, or greater than 26P4he sample concentrations from that
waterbody exceed the screening level prescribgd)if this Section, or both such conditions
exist.

(d) Escherichia coli (E. coli):

(1) The Primary Body Contact Recreation subcategtegignated for a waterbody shall
be deemed to be fully supported with respect took.if the geometric mean of 126 colonies
per 100 ml is met, or the sample concentrationsnfrthat waterbody taken during the
recreation season do not exceed the screening prestribed in (b) of this Section, or both
such conditions exist.

(2) The Primary Body Contact Recreation subcategtagignated for a waterbody shall
be deemed to be not supported with respect tolEf e geometric mean of 126 colonies per
100 ml is not met and any of the sample concentratirom that waterbody taken during the
recreation season exceed a screening level prestiito (b) of this Section.

(e) Enterococci:
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(1) The Primary Body Contact Recreation subcategtegignated for a waterbody shall
be deemed to be fully supported with respect tereabcci if the geometric mean of 33
colonies per 100 ml is met, or the sample concéptra from that waterbody taken during the
recreation season do not exceed the screening prestribed in (b) of this Section, or both
such conditions exist.

(2) The Primary Body Contact Recreation subcategtagignated for a waterbody shall
be deemed to be not supported with respect to@teci if the geometric mean of 33 colonies
per 100 ml is not met and any of the sample conagons from that waterbody taken during
the recreation season exceed a screening levetpbesl in (b) of this Section.

Compliance with the Oklahoma WQS is based on mgetaguirements for all three
bacterial indicators. Where concurrent data eéweistultiple bacterial indicators on the same
waterbody or waterbody segment, each indicatormgroust demonstrate compliance with the
numeric criteria prescribed (OWRB 2008).

As stipulated in the WQS, utilization of the geontetean to determine compliance for
any of the three indicator bacteria depends onctilection of five samples within a 30-day
period. For most WQM stations in Oklahoma theee iasufficient data available to calculate
the 30-day geometric mean since most water qusdityples are collected once a month. As a
result, waterbodies placed on the 303(d) list fot supporting the PBCR are the result of
individual samples exceeding the instantaneougr@itor the long-term geometric mean of
individual samples exceeding the geometric meater@i for each respective bacterial
indicator. Targeting the instantaneous criteristalelished for the primary contact recreation
season (May®lto September 3% as the water quality goal for TMDLs correspondstie
basis for 303(d) listing and may be protective lid geometric mean criterion as well as the
criteria for the secondary contact recreation seasblowever, both the instantaneous and
geometric mean criteria fd&. coliand Enterococci will be evaluated as water quaditgets to
ensure the most protective goal is establisheddoh waterbody.

A sample quantity exception exists for fecal califiothat allows waterbodies to be listed
for nonsupport of PBCR if there are less than I0mas. The assessment method states that if
there are less than 10 samples and the existingleaset already assures a nonsupport
determination, then the waterbody should be lisgedrMDL development. This condition is
true in any case where the small sample set denatestthat at least three out of six samples
exceed the single sample fecal coliform criteriom this case if four more samples were
available to meet minimum of 10 samples, this watilll translate to >25 percent exceedance
or nonsupport of PBCR.¢., three out of 10 samples = 33 percent exceedaie®)e. coliand
Enterococci, the 10-sample minimum was used, with@xception, in attainment
determination.

The beneficial use of WWAC is one of several subgaties of the Fish and Wildlife
Propagation use established to manage the varietyommunities of fish and shellfish
throughout the state (OWRB 2008). The numeriegatfor turbidity to maintain and protect
the use of “Fish and Wildlife Propagation” from [€i785:45-5-12 (f) (7) is as follows:

(A) Turbidity from other than natural sources shiaé restricted to not exceed the following
numerical limits:

(). Cool Water Aquatic Community/Trout Fisheries:NLDUs;
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(i).  Lakes: 25 NTU; and
(ii).  Other surface waters: 50 NTUs.

(B) In waters where background turbidity exceedss¢hvalues, turbidity from point sources
will be restricted to not exceed ambient levels.

(C) Numerical criteria listed in (A) of this paragph apply only to seasonal base flow
conditions.

(D) Elevated turbidity levels may be expected dyrand for several days after, a runoff event.

To implement Oklahoma’s WQS for Fish and Wildlifeopagation, promulgated Chapter
46, Implementation of Oklahoma’s Water Quality Standaf@WRB 2008a). The excerpt
below from Chapter 46: 785:46-15-5, stipulates heater quality data will be assessed to
determine support of fish and wildlife propagateswell as how the water quality target for
TMDLs will be defined for turbidity.

Assessment of Fish and Wildlife Propagation support

(a) Scope. The provisions of this Section shalidexl to determine whether the beneficial
use of Fish and Wildlife Propagation or any subgaty thereof designated in OAC 785:45 for
a waterbody is supported.

(e) Turbidity. The criteria for turbidity stated i#85:45-5-12(f)(7) shall constitute the
screening levels for turbidity. The tests for uspport shall follow the default protocol in
785:46-15-4(b).

785:46-15-4. Default protocols
(b) Short term average numerical parameters.

(1) Short term average numerical parameters areebdagoon exposure periods of less than
seven days. Short term average parameters to whishSection applies include, but are not
limited to, sample standards and turbidity.

(2) A beneficial use shall be deemed to be fulpgpsted for a given parameter whose
criterion is based upon a short term average if 10f4ess of the samples for that parameter
exceed the applicable screening level prescribdadi;ySubchapter.

(3) A beneficial use shall be deemed to be fullgpsued but threatened if the use is
supported currently but the appropriate state emwmental agency determines that available
data indicate that during the next five years thge umay become not supported due to
anticipated sources or adverse trends of polluton prevented or controlled. If data from the
preceding two year period indicate a trend awaynfranpairment, the appropriate agency
shall remove the threatened status.

(4) A beneficial use shall be deemed to be not @igg for a given parameter whose
criterion is based upon a short term average ifeaist 10% of the samples for that parameter
exceed the applicable screening level prescribeflismmSubchapter.

2.2 Problem Identification

In this subsection water quality data summarizimgterbody impairments caused by
elevated levels of bacteria are summarized filkbviieed by the data summarizing impairments
caused by elevated levels of turbidity.
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2.2.1 Bacteria Data Summary

Table 2-2 summarizes water quality data collecteding primary contact recreation
season from the WQM stations between 2004 and &f08ach indicator bacteria. The data
summary in Table 2-2 provides a general understgndf the amount of water quality data
available and the severity of exceedences of themguality criteria. This data collected
during the primary contact recreation season wasd ts support the decision to place specific
waterbodies within the Study Area on the ODEQ 2Q03(d) list (ODEQ 2008). Water
quality data from the primary and secondary contactreation seasons are provided in
Appendix A. For the data collected between 2004 2009, evidence of nonsupport of the
PBCR use based on fecal coliform a@adcoli concentrations was only observed in Washita
River at SH 19, near Alex (OK310810020010_00). deuce of nonsupport of the PBCR use
based orE. coli and Enterococci exceedances was observed in fatermodies: Sandstone
Creek (OK310840020020 _00), Stinking Creek (OK31@28m20 00), Wildhorse Creek
(OK310810040140_00), and Kickapoo Sandy Creek (@&30020170_00).

2.2.2 Turbidity Data Summary

Turbidity is a measure of water clarity and is @by suspended particles in the water
column. Because turbidity cannot be expressed rmass load, total suspended solids (TSS)
are used as a surrogate in this TMDL. Therefoo# kurbidity and TSS data are presented in
this subsection.

Table 2-3 summarizes water quality data collectechfthe WQM stations between 1998
and 2009 for turbidity. However, as stipulated’itte 785:45-5-12 (f) (7) (C)numeric criteria
for turbidity only apply under base flow conditiondNhile the base flow condition is not
specifically defined in the Oklahoma Water Qual8tandards, ODEQ considers base flow
conditions to be all flows less than the™2flow exceedance percentile (i.e., the lower 75
percent of flows) which is consistent with the USG8eamflow Conditions Index (USGS
2009). Therefore, Table 2-4 was prepared to reptethe subset of these data for samples
collected during base flow conditions. Water gyatiamples collected under flow conditions
greater than the 35flow exceedance percentile (highest flows) weerdfore excluded from
the data set used for TMDL analysis. The dataahld 2-4 were used to support the decision
to place all 14 of the waterbodies listed in Ta@d on the ODEQ 2008 303(d) list
(ODEQ 2008) for nonsupport of the WWAC use basedtwhbidity levels observed in the
waterbody. Table 2-5 summarizes water quality daadected from the WQM stations
between 1998 and 2009 for TSS. Table 2-6 preserdsbset of these data for samples
collected during base flow conditions. In usingST@s a surrogate to support TMDL
development at least 10 TSS samples are requiredrniduct the regression analysis between
turbidity and TSS. However, in rare instanceshsas Washita River at SH 19, near Alex
(OK310810020010_00), there is sufficient turbiddsta to demonstrate nonsupport of the
WWAC use but no TSS data. In these instancegyrassion analysis using TSS data from an
8-digit USGS hydrologic unit code (HUC) that incksdthe Washita River at SH 19, near Alex
(OK310810020010_00) can be used Water quality ftatturbidity and TSS are provided in
Appendix A.
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Washita River Bacteria and Turbidity TMDLs Problem Identification and Water Quality Target

Table 2-2 Summary of Indicator Bacteria Samples fron Primary Body Contact Recreation Season, 2004-2009

Number of
ic M | % samples
. Number of CEREIE ean sampres exceeding
Waterbody ID Waterbody Name Indicator samples Concentration exceeding sindle sample
P (count/100 mL) single sample gle samp
N criterion
criterion
0,
0OK310840020020_00 | Sandstone Creek EC 10 192 3 30%
ENT 10 199 7 70%
0,
0OK310830020020_00 | Stinking Creek EC 10 213 3 30%
ENT 10 209 8 80%
0,
0OK310810040140 00 | Wildhorse Creek EC 10 374 4 40%
ENT 10 430 9 90%
L FC 20 336 9 45%
0K310810020010_00 X\fsjh'ta River at SH 19, near EC 20 77 5 25%
ENT 20 210 10 50%
0,
OK310810010050_00 | Kickapoo Sandy Creek EC 10 342 4 40%
ENT 10 281 9 90%

Fecal coliform (FC) water quality criterion = Gednie Mean of 400 counts/100 mL
E. coli (EC) water quality criterion = Geometric Mean @6lcounts/100 mL
Enterococci (ENT) water quality criterion = Geoneivlean of 33 counts/100 mL
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Washita River Bacteria and Turbidity TMDLs

Problem Identification and Water Quality Target

Table 2-3 Summary of All Turbidity Samples, 1998-209
Nurgfber N;;?nbpe;;gf % Samples | Average
Waterbody ID Waterbody Name WQM Station Turbidity | greater than Ec):(rciteeer(ijci)rrlmg Tla{ll?riai)ty
Samples 50 NTU
OK310840020020_00 | Sandstone Creek OK310840-02-0020C 19 4 21% 47
OK310840020010_00 | Washita River at Site #384 OK310840-02-0010G 19 5 26% 47
OK310840010010_00 | Washita River at SH 33, McLure 310840010010-003RS 102 44 43% 107
OK310830030010_00 | Washita River at SH 152, Cordell 310830030010-001AT 126 46 37% 96
OK310830020060_10 | Rainy Mountain Creek OK310830-02-0060G 20 11 55% 167
OK310830020020_00 | Stinking Creek OK310830-02-0020D 21 6 20% 57
OK310830010010_00 | Washita River at US 281, Anadarko 310830010010-001AT 105 52 50% 177
0OK310810040140_00 | Wildhorse Creek OK310810-04-0140D 20 10 50% 85
OK310810020010_00 | Washita River at SH 19, near Alex 310810020010-001AT 50 27 54% 278
0OK310810010190_00 | Washington Creek OK310810-01-0190G 13 7 54% 138
OK310810010050_00 | Kickapoo Sandy Creek OK310810-01-0050G 21 24% 66
OK310810010010_10 | Washita River at SH 19, Pauls Valley | 310810010010-001AT 114 84 74% 318
OK310800020040_00 | Sand Branch OK310800-02-0040C 20 5 2504 48
OK310800020010_00 | Washita River at US 177, Durwood 310800020010-001AT 84 57 68% 330
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Washita River Bacteria and Turbidity TMDLSs

Problem Identification and Water Quality Target

Table 2-4 Summary of Turbidity Samples Collected Dring Base Flow Conditions, 1998-2009
_ Numb_er of N;;:nbpﬁregf % Samp_les Aver_age
Waterbody ID Waterbody Name WQM Station Turbidity greater than Exc_ee(_jlng Turbidity
Samples 50 NTU Criterion (NTU)

0OK310840020020_00 | Sandstone Creek 0OK310840-02-0020C 18 3 17% 46
0OK310840020010 00 | Washita River at Site #384 0OK310840-02-0010G 19 5 26% 47
0OK310840010010_00 | Washita River at SH 33, McLure 310840010010-003RS 55 10 18% 51
OK310830030010_00 | Washita River at SH 152, Cordell 310830030010-001AT 85 25 20% 93
0OK310830020060_10 | Rainy Mountain Creek 0OK310830-02-0060G 16 50% 195
0OK310830020020_00 | Stinking Creek OK310830-02-0020D 20 2504 42
OK310830010010_00 | Washita River at US 281, Anadarko 310830010010-001AT 72 20 28% 51
0OK310810040140 00 | Wildhorse Creek OK310810-04-0140D 20 10 50% 85
OK310810020010_00 | Washita River at SH 19, near Alex 310810020010-001AT 31 10 32% 104
0OK310810010190_00 | Washington Creek OK310810-01-0190G 12 50% 137
0OK310810010050_00 | Kickapoo Sandy Creek OK310810-01-0050G 17 18% 46
0K310810010010 10 | Washita River at SH 19, Pauls Valley | 310810010010-001AT 69 42 61% 108
0OK310800020040 00 | Sand Branch 0OK310800-02-0040C 20 5 25% 48
0OK310800020010_00 | Washita River at US 177, Durwood 310800020010-001AT 52 26 50% 118
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Washita River Bacteria and Turbidity TMDLSs

Problem Identification and Water Quality Target

Table 2-5 Summary of All TSS Samples, 1998-2009
Waterbody ID Waterbody Name WQM Station ngrgggp?gs Ave(:;]ag/el_')l'ss

0K310840020020_00 Sandstone Creek 0K310840-02-0020C 20 49
0OK310840020010 00 Washita River at Site #384 0OK310840-02-0010G 23 36
0OK310840010010 00 | Washita River at SH 33, McLure 310840010010-003RS 35 174
0OK310830030010 00 Washita River at SH 152, Cordell 310830030010-001AT 70 113
0OK310830020060 10 Rainy Mountain Creek 0OK310830-02-0060G 20 194
0OK310830020020 00 Stinking Creek 0OK310830-02-0020D 20 50
0OK310830010010 00 | Washita River at US 281, Anadarko 310830010010-001AT 18 360
0K310810040140 00 Wildhorse Creek 0OK310810-04-0140D 20 61
0K310810020010 00 Washita River at SH 19, near Alex 310810020010-001AT 0 -

0OK310810010190 00 Washington Creek 0OK310810-01-0190G 12 110
0OK310810010050 00 Kickapoo Sandy Creek 0OK310810-01-0050G 20 72
0OK310810010010 10 Washita River at SH 19, Pauls Valley | 310810010010-001AT 21 516
0OK310800020040 00 Sand Branch 0OK310800-02-0040C 19 41
0OK310800020010 00 | Washita River at US 177, Durwood 310800020010-001AT 21 546
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Washita River Bacteria and Turbidity TMDLs

Problem Identification and Water Quality Target

Table 2-6 Summary of TSS Samples During Base Flowo@ditions 1998-2009
Waterbody ID Waterbody Name WQM Station Nugg;rpcl)g;;rss Ave(rrﬁlg/el_')l'ss

0K310840020020 00 Sandstone Creek 0OK310840-02-0020C 19 49
0OK310840020010 00 Washita River at Site #384 0OK310840-02-0010G 23 36
0K310840010010 00 Washita River at SH 33, McLure 310840010010-003RS 16 49
0OK310830030010 00 Washita River at SH 152, Cordell 310830030010-001AT 37 84
0OK310830020060 10 Rainy Mountain Creek 0OK310830-02-0060G 16 229
0K310830020020 00 Stinking Creek 0OK310830-02-0020D 19 37
0OK310830010010 00 Washita River at US 281, Anadarko 310830010010-001AT 10 81
0K310810040140 00 Wildhorse Creek 0OK310810-04-0140D 20 61
0OK310810020010 00 Washita River at SH 19, near Alex 310810020010-001AT 0 -

0K310810010190 00 Washington Creek 0OK310810-01-0190G 11 104
0OK310810010050 00 Kickapoo Sandy Creek 0OK310810-01-0050G 16 44
0OK310810010010 10 Washita River at SH 19, Pauls Valley 310810010010-001AT 13 134
0OK310800020040 00 Sand Branch 0OK310800-02-0040C 19 41
0K310800020010 00 Washita River at US 177, Durwood 310800020010-001AT 14 158

J\planning\TMDL\Bact_Turbidity_TMDLs\Washita RiwerFT Washita TMDL Report_061610.docx

2-12

FINAL
August 2010



Washita River Bacteria and Turbidity TMDLs Probl&gentification and Water Quality Target

2.3  Water Quality Target

The Code of Federal Regulations (40 CFR 8§130.7\cRtates that, “TMDLs shall be
established at levels necessary to attain and emaitihe applicable narrative and numerical
water quality standards.” For the WQM stationsurggg bacteria TMDLs in this report,
defining the water quality target is somewhat caogpéd by the use of three different bacterial
indicators each with different numeric criteriorr fdetermining attainment of PBCR use as
defined in the Oklahoma WQSs. An individual watemrality target is established for each
bacterial indicator since each indicator group ndesnhonstrate compliance with the numeric
criteria prescribed in the Oklahoma WQS (OWRB 2008)s previously stated, because
available bacteria data were collected on an apmabe monthly basis (see Appendix A)
instead of at least five samples over a 30—daygdedata for these TMDLs are analyzed and
presented in relation to both the instantaneous ardng-term geometric mean for each
bacterial indicator.

All TMDLs for fecal coliform must take into accoutitat no more than 25 percent of the
samples may exceed the instantaneous numericiaritefor E. coli and Enterococci, no
samples may exceed instantaneous criteria. Shecattainability of stream beneficial uses for
E. coli and Enterococci is based on the compliance oteitie instantaneous or a long-term
geometric mean criterion, percent reductions gadlse calculated for both criteria. TMDLs
will be based on the percent reduction requireché®t either the instantaneous or long-term
geometric mean criterion, whichever is less.

The water quality target for bacteria will alsoongorate an explicit 10 percent MOS. For
example, if fecal coliform is utilized to establiiie TMDL, then the water quality target is
360 organisms per 100 milliliters (mL), 10 percwer than the instantaneous water quality
criteria (400/100 mL). For E. coli the instantaneous water quality target is
365 organisms/100 mL, which is 10 percent lowenttree criterion value (406/100 mL), and
the geometric mean water quality target is 113 miegas/100 mL, which is 10 percent lower
than the criterion value (126/100 mL). For Ente the instantaneous water quality target is
97/100 mL, which is 10 percent lower than the ciote value (108/100 mL) and the geometric
mean water quality target is 30 organisms/100 mickvis 10 percent lower than the criterion
value (33/100 mL).

The allowable bacteria load is derived by using #wtual or estimated flow record
multiplied by the water quality target. The linex@n through the allowable load data points is
the water quality target which represents the maxiroad for any given flow that still
satisfies the WQS.

An individual water quality target established farbidity must demonstrate compliance
with the numeric criteria prescribed in the OklalaoWQS (OWRB 2008). According to the
Oklahoma WQS [785:45-5-12(f)(7)], the turbidityterion for streams with WWAC beneficial
use is 50 NTUs (OWRB 2008). The turbidity of 50 B&lr'applies only to seasonal base flow
conditions. Turbidity levels are expected to bevated during, and for several days after, a
storm event.

TMDLs for turbidity in streams designated as WWAQsntake into account that no more
than 10 percent of the samples may exceed the mumrterion of 50 NTU. However, as
described above, because turbidity cannot be esgueas a mass load, TSS is used as a
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Washita River Bacteria and Turbidity TMDLs Probl&gentification and Water Quality Target

surrogate for TMDL development. Since there isnomeric criterion in the Oklahoma WQS
for TSS, a specific method must be developed toedrthe turbidity criterion to TSS based on
a relationship between turbidity and TSS. The wmetfor deriving the relationship between
turbidity and TSS and for calculating a water baggcific water quality target using TSS is
summarized in Section 4 of this report.

The MOS for the TSS TMDLs varies by waterbody amdelated to the goodness-of-fit
metrics of the turbidity-TSS regressions. The mettHor defining MOS percentages is
described in Section 5 of this report.
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Washita River Bacteria and Turbidity TMDLs Pollut&ource Assessment

SECTION 3
POLLUTANT SOURCE ASSESSMENT

A pollutant source assessment characterizes knowinsaspected sources of pollutant
loading to impaired waterbodies. Sources withimaéershed are categorized and quantified to
the extent that information is available. Pathogedicator bacteria originate from the
digestive tract of warm-blooded animals; some sesinmay be point or nonpoint in nature.
Turbidity may originate from NPDES-permitted fatéds, fields, construction sites, quarries,
stormwater runoff and eroding stream banks.

Point sources are permitted through the NPDES progrNPDES-permitted facilities that
discharge treated wastewater are required to nrofuatoone of the three bacterial pathogen
indicators (fecal coliformE coli, or Enterococci) and TSS in accordance with themmits.
Nonpoint sources are diffuse sources that typiaaiynot be identified as entering a waterbody
through a discrete conveyance at a single locatidanpoint sources may emanate from land
activities that contribute bacteria or TSS to stefavater as a result of rainfall runoff. For the
TMDLs in this report, all sources of pollutant laagl not regulated by NPDES are considered
nonpoint sources.

The 2008 Integrated Water Quality Assessment Ref@dREQ 2008) listed potential
sources of turbidity as clean sediment, grazingiparian corridors of streams and creeks,
highway/road/bridge runoff (non-construction rethte non-irrigated crop production,
petroleum/natural gas activities, rangeland grazasggwell as other unknown sources. The
following discussion describes what is known regaygoint and nonpoint sources of bacteria
in the impaired watersheds. Where information awlable on point and nonpoint sources of
TSS originating in Texas (Washita River at Site 438K310840020010 00), data were
provided and summarized as part of each categbhese data were provided to demonstrate
that some of the TSS loading outside of Oklahomaisdiction may contribute to nonsupport
of the WWAC use in Oklahoma. It is recognized tBatahoma has no enforcement authority
over TSS sources originating beyond the Oklahomu® toundary.

3.1 NPDES-Permitted Facilities

Under 40 CFR, 8122.2, a point source is descrilsea discernable, confined, and discrete
conveyance from which pollutants are or may be hdisged to surface waters. Certain
NPDES-permitted municipal plants are classifiech@slischarge facilities. NPDES-permitted
facilities classified as point sources that maytgbuate bacteria or TSS loading include:

* NPDES municipal wastewater treatment plant (WWTP);

* NPDES Industrial WWTP Discharges;

* NPDES municipal no-discharge WWTP;

* NPDES Concentrated Animal Feeding Operation (CAFO);

* NPDES municipal separate storm sewer system (MSdharges;
* NPDES multi-sector general permits; and

* NPDES construction stormwater discharges.

Continuous point source discharges such as WWiRsd cesult in discharge of elevated
concentrations of fecal coliform bacteria if theidfection unit is not properly maintained, is of
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poor design, or if flow rates are above the diginfen capacity. It is possible that continuous
point source discharges from municipal and indasMWWTPs, could result in discharge of
elevated concentrations of TSS if a facility is pobperly maintained, is of poor design, or
flow rates exceed capacity. However, in most cassepended solids discharged by WWTPs
consist primarily of organic solids rather than rgemic suspended solids (i.e., soil and
sediment particles from erosion or sediment resuspr) Discharges of organic suspended
solids from WWTPs are addressed by ODEQ throughpésnitting of point sources to
maintain WQS for dissolved oxygen and are not awmred a potential source of turbidity in
this TMDL. Discharges of TSS will be considered be organic suspended solids if the
discharge permit includes a limit for BOD or CBOIDnly WWTP discharges of inorganic
suspended solids will be considered and will ree@rasteload allocations.

While the no-discharge facilities do not dischangestewater directly to a waterbody, it is
possible that the collection systems associated gach facility may be a source of bacteria
loading to surface waters. CAFOs are recognizedUBEPA as significant sources of
pollution, and may have the potential to causeossrimpacts to water quality if not properly
managed.

Stormwater runoff from MS4 areas, which is now tated under the USEPA NPDES
Program, can also contain high fecal coliform baateoncentrations. Stormwater runoff from
MS4 areas, facilities under multi-sector generahpis, and NPDES construction stormwater
discharges, which are regulated under the USEPA B8 [DProgram, can contain TSS
concentrations. 40 C.F.R. § 130.2(h) requires MRDES-regulated stormwater discharges
must be addressed by the wasteload allocation coempoof a TMDL. However, any
stormwater discharge by definition occurs duringnomediately following periods of rainfall
and elevated flow conditions when where OklahomaeW@Quality Standard for turbidity does
not apply. Oklahoma Water Quality Standards sgebiht the criteria for turbidity “apply only
to seasonal base flow conditions” and go on to“Edgvated turbidity levels may be expected
during, and for several days after, a runoff evg@AC 785:45-5-12(f)(7)]. In other words,
the turbidity impairment status is limited to bdkav conditions and stormwater discharges
from MS4 areas or construction sites do not contelio the violation of Oklahoma’s turbidity
standard. Therefore, WLAs for NPDES-regulated rstoater discharges is essentially
considered unnecessary in this TMDL report and widit be included in the TMDL
calculations.

There are no NPDES-permitted facilities of any typethe contributing watersheds of
Washington Creek (OK310810010190_00) and Kickapoo and$g Creek
(OK310810010050_00). The remaining twelve watedshe the Study Area have at least one
NPDES-permitted facility. There are no areas dedigd as MS4s within this Study Area.
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3.1.1 Continuous Point Source Dischargers

The locations of the NPDES-permitted facilities ttlisscharge wastewater to surface
waters addressed in these TMDLs are listed in Télleand displayed in Figures 3-1 and 3-2.
For some continuous point source discharge faaslithe permitted design flow was not
available and therefore is not provided in Tablk 3There are 16 NPDES facilities within the
Study Area but they are not all sources of conferimdictor bacteria or TSS loading. For the
purposes of the TMDLs calculated in Chapter 5, othg City of Lindsay's WWTP
(OKG580021) in the Washita River at SH 19, nearxAl®@K310810020010_00) watershed, is
of concern for contributions of bacteria loads.eTther municipal WWTP listed in Table 3-1
do discharge bacteria loads, but they are not digig to a waterbody that requires a TMDL
for bacteria.  All of the facilities in Table 3édb discharge TSS and most have specific permit
limits for TSS which are provided in Table 3-1. whver, the municipal WWTPs designated
with a Standard Industrial Code number 4952 or 485Bable 3-1 discharge organic TSS and
therefore are not considered a potential sourceirbidity within their respective watershed.
There are seven active NPDES-permitted industizlifies operating in the Study Area which
are shown in Figures 3-1 and 3-2 and facility infation is listed in Table 3-1.

Monthly Discharge Monitoring Reports (DMR) for féceoliform analyses were not
available for the City of Lindsay. Therefore itnst possible to provide an adequate evaluation
on the performance of this municipal WWTP with mdpto their compliance with fecal
coliform permit limits over time. DMR data for TS®m the industrial facilities are provided
in Appendix C. For the period January 1, 2006 ufgroJuly 31, 2008 there were no permit
violations for TSS reported.
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Washita River Bacteria and Turbidity TMDLSs

Pollutant Source Assessment

Table 3-1 Point Source Discharges in the Study Area
- Design - A
OPDES Name Receiving Water Facility Tvoe SIC Count Flow Facility Expiration Max. FC | Max./Avg.
Permit No. (Waterbody ID) y yp Code y (mad) ID Date cfu/100mL | TSS mg/L
okooz1011 | Slinton Public Works OK310830030010_00 Sewerage 4952 | Custer | 1.70 | S10804 | 12/31/2010 | 400/200 45/30
Authority - Systems
. Sewerage .
0OK0032379 | City of Cordell OK310830030010_00 Systems 4952 | Washita | 0.41 | S10811 | 8/31/2010 135/90
OKG950036 | Dolese Brothers Co.- 0K310830020060_10 | Crushed And 1429 | Kiowa | 0.54' | 38000250 | 2/3/2013 45
Cooperton Broken Stone
Western Farmers
OK0000639 | Electric Co-Op Anadarko | OK310830010010_00 | Electric Services | 4911 | Caddo | 0.69* | 08000030 | 11/30/2008 100/30
Station
OKoo28151 | Anadarko Public Works | 315830010010 00 Sewerage 4952 | Caddo | 1.94 | S10817 | 2/28/2009 45/30
Authority Systems
Oneok Field Services- NaFurgI Gas . 1
0K0000124 . 0K310810020010_00 Liquids - 1321 | Garvin | 0.028' | 25000230 | 6/30/2008 45
Maysville
Stormwater Runoff
OKG580021 | City of Lindsay 0K310810020010_00 Sg;;fé?ngse 4952 | Garvin | 0.42 | S10826 | 6/30/2011 135/90
OKG830039 | Leonard's Sinclair OK310810020010_00 | Sanitary Services | 4959 | Garvin 0.079' | 25000380 1/1/2008 N/A
OKG580024 | Paoli Municipal Authority | OK310810010010_10 S;;;fé?ngse 4952 | Garvin | 008 | S10828 | 6/30/2011 135/90
TPI Petroleum - Valero Petroleum 1
0OK0001295 . OK310800020010_00 Ol€ 2911 | Carter | 0.36' | 10000590 | 10/31/09 123/84
Ardmore Refinery Refining
. Sewerage
0OK0038440 | City of Ardmore 0OK310800020010_00 Systems 4952 | Carter | 5.90 | S30804 | 02/28/14 N/A
Semmaterials L.P.- Asphalt Paving
OK0038857 | 70 ol 0OK310800020010_00 Mixtures and 2951 | Carter na | 10000620 | 07/31/13 23/15
Blocks
0OK0044288 | East Jordan Iron Works 0OK310800020010_00 Iron Foundaries 3321 | Carter 0.34" | 10000900 04/30/12 45/30
OK0030422 | Gty of Ardmore OK310800020010_00 Sewerage 4952 | Carter | 0.13 | S10840 | 9/30/2011 | 400/200 45/30
(Industrial Air Park) Systems
OKGo50033 | Dolese Brothers Co-Big | 310500020010 00 |  Crushed And 1422 | Murray | 3.2 | 50000150 | 2/3/2013 45
Canyon Broken Limestone
! Flow was derived by selecting highest reportedthigraverage flow from period 2003-2008.
NA = not available. DMR data do not have any flowasurements for this outfall.
J:\planning\TMDL\Bact_Turbidity_TMDLs\Washita RiM&FT Washita TMDL Report_061610.docx 3'4 F I NAL

August 2010




Washita River Bacteria and Turbidity TMDLs

Figure 3-1Locations of NPDES-Permitted Facilitiesn the Study Area
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Washita River Bacteria and Turbidity TMDLs

Figure 3-2 Locations of NPDES-Permitted Facilitiesn the Study Area
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3.1.2 NPDES No-Discharge Facilities and Sanitary Sewer Overflows

For the purposes of these TMDLs, it is assumed tiatlischarge facilities do not
contribute indicator bacteria or TSS loading. Heereit is possible the wastewater collection
systems associated with these no-discharge fasilitbuld be a source of indicator bacteria
loading, or that discharges from the wastewatentphaay occur during large rainfall events
that exceed the systems’ storage capacities. Therm-discharge facility of concern that
could be a source of indicator bacteria loadinghis Marlow-East Wastewater Treatment
Facility and its collection system, listed in Tal3l, which is located in the Wildhorse Creek
watershed.

Table 3-2 NPDES No-Discharge Facilities in the StydArea

o Facility - Waterbody ID and
Facility D County Facility Type Type Waterbody Name
Marlow-East
Wastewater 10833 Stephens Land Application Municipal OK31.0810040140—00’
. Wildhorse Creek
Treatment Facility

Sanitary sewer overflows (SSO) from wastewaterectibn systems, although infrequent,
can be a major source of indicator bacteria loadingtreams. SSOs have existed since the
introduction of separate sanitary sewers, and ramstcaused by blockage of sewer pipes by
grease, tree roots, and other debris that clogrskwes, by sewer line breaks and leaks, cross
connections with storm sewers, and inflow and tirefilon of groundwater into sanitary sewers.
SSOs are permit violations that must be addresgdtebresponsible NPDES permittee. The
reporting of SSOs has been strongly encouraged ®RA, primarily through enforcement
and fines. While not all sewer overflows are répdr ODEQ has some data on SSOs
available. SSOs were reported between 1992 an8 2p€he City of Lindsay which is located
in the Washita River at SH 19, near Alex (OK3108@m 0 00) watershed. During that
period 17 overflows were reported ranging from @ver 2.33 million gallons. Without more
recent data it is not possible to quantify the igpand temporal magnitude of indicator bacteria
loading from SSOs in this watershed.

3.1.3 Concentrated Animal Feeding Operations

The Agricultural Environmental Management ServicgEMS) of the Oklahoma
Department of Agriculture, Food and Forestry (ODARKFas created to help develop,
coordinate, and oversee environmental policies anggrams aimed at protecting the
Oklahoma environment from pollutants associatedh wagricultural animals and their waste.
Through regulations established by the Oklahomac€@atnated Animal Feeding Operation
Act, AEMS works with producers and concerned ciizé ensure that animal waste does not
impact the waters of the state. A CAFO is an ahieeding operation that confines and feeds
at least 1,000 animal units for 45 days or morea ih2-month period (ODAFF 2009). The
CAFO Act is designed to protect water quality thglhuhe use of best management practices
(BMP) such as dikes, berms, terraces, ditchesthar gimilar structures used to isolate animal
waste from outside surface drainage, except for Sayear, 24—hour rainfall event
(ODAFF 2009). CAFOs are considered no-dischargitias.
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CAFOs are designated by USEPA as significant ssuoéeollution, and may have the
potential to cause serious impacts to water qudlibpot managed properly (ODAFF 2009a).
Potential problems for CAFOs can include animaltevascharges to waters of the state and
failure to properly operate wastewater lagoons. FOA are not considered a source of TSS
loading. According to ODAFF, the CAFO located Ire tWashita River at SH 152, Cordell
(OK310830030010_00) watershed has not been in opersince August 2008 and there were
no reported historic performance problems at tiedifia The location of the CAFO is shown

in Figure 3-1 and is listed in Table 3-3.

Table 3-3 NPDES-Permitted CAFOs in Study Area
Maximum
Total # of
ODAFF EPA opAEF | ODAFF | "Number ofi iy 0o Waterbody ID and
o License Swine : County
Owner ID Facility ID . Units at Waterbody Name
Number Permitted -
. Facility
at Facility
0OK310830030010_00,
AGNO021637 | OKG010219 74 1155 3994 999 WASHITA Washita River at
SH 152, Cordell

3.1.4 Stormwater Permits Construction Activities

A general stormwater permit (OKR10) is required fory stormwater discharges
associated with construction activities that resuland disturbance of equal to or greater than
one (1) acre, or less than one (1) acre if theypareof a larger common plan of development
or sale that totals at least one (1) acre. Thenpexlso authorizes any stormwater discharges
from support activities (e.g. concrete or asphatth plants, equipment staging yards, material
storage areas, excavated material disposal aneddcarow areas) that are directly related to a
construction site that is required to have perroitetage, and is not a commercial operation
serving unrelated different sites (ODEQ 2007). ri@teater discharges occur only during or
immediately following periods of rainfall and el¢gd flow conditions when the turbidity
criteria do not apply and are not considered pa@kobntributors to turbidity impairment. The
construction permits are summarized in Table 3-4.

3.1.5 Rock, Sand and Gravel Quarries

Operators of rock, sand and gravel quarries in kiza are regulated with a general
permit (OKG950000). The general permit does ndvwaldischarge of wastewater to
waterbodies included in Oklahoma’s 303(d) List mipaired water bodies listed for turbidity
for which a TMDL has not been performed or the ltesuithe TMDL indicates that discharge
limits more stringent than 45 mg/l for TSS are tieggh (ODEQ 2009). Table 3-5 summarizes
data from the Oklahoma Department of Mines andipes/the permitted mining acres for each
of the quarries located within the Study Area. Tbeations of these quarries are shown in
Figure 3-1.

3.1.6 Section 404 permits

Section 404 of the Clean Water Act (CWA) establishgrogram to regulate the discharge
of dredged or fill material into waters of the Wt States, including wetlands. Activities in
waters of the United States regulated under thigiram include fill for development, water
resource projects (such as dams and levees), tinftage development (such as highways and

FINAL
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airports) and mining projects. Section 404 requagermit before dredged or fill material may
be discharged into waters of the United Statessasnthe activity is exempt from Section 404
regulation (e.g. certain farming and forestry &atigs).

Section 404 permits are administrated by the UréyACorps of Engineers. EPA reviews
and provides comments on each permit applicatiomake sure it adequately protects water
quality and complies with applicable guidelinestiBB&SACE and EPA can take enforcement
actions for violations of Section 404.

Discharge of dredged or fill material in waters &@na significant source of turbidity/TSS.
The federal Clean Water Act requires that a pebmitissued for activities which discharge
dredged or fill materials into the waters of theitdd States, including wetlands. The state of
Oklahoma will use its Section 401 certificationfaarity to ensure Section 404 permits protect
oklahoma water quality standards.
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Table 3-4 Construction Permits Summary
Company Name County Peermlt Date Issued Receiving Water Receiving Water (Permit) Es:(r:r::;ed
Brantley Substation Roger Mills | 8882 | 3/14/2008 | OK310840010010 00 gg‘:kmed Tributary to Quartermaster 3
Oklahoma Department of . . .
Transportation JP #20810(04) Roger Mills 8109 10/2/2007 0OK310840010010_00 | Washita River 5
. . . . Big Kiowa Creek, Little Kiowa Creek,
Red Hills Wind Project Roger Mills 9032 5/23/2008 0OK310840010010_00 White Shield Creek, Panther Creek 20
Unnamed Tributary to White Shield
Portable Concrete Batch Plan Roger Mills 9194 0OK310840010010_00 | Creek, to White Shield Creek, to 3
Washita River
Oklahoma Department of North Branch of Quartermaster
Transportation JP #18779(04) Custer/Dewey | 9028 5/23/2008 0OK310840010010_00 Creek 166
Morewood Switch Station Custer 8881 | 3/14/2008 | OK310840010010 00 gg‘:kmed Tributary to Wild Horse 3
Oklahoma Department of . North Calvary Creek via Unnamed
Transportation JP #17126(08) Washita 7749 10/2/2007 0OK310830030010_00 Tributary 33
Oklahoma Department of . Unnamed Tributary of Rainy
Transportation Jp#22662(04) Kiowa 9036 5/23/2008 0OK310830020060_10 Mountain Creek 1.97
Oklahoma Department of . . .
Transportation JP #21706(04) Kiowa 8117 10/2/2007 0OK310830020020_00 | Rainy Mountain Creek 5
Oklahoma Department of Kiowa 8118 | 10/2/2007 | OK310830020020_00 | Stinking Creek 4
Transportation JP #20933(04) - 9
Stabil Drill Oklahoma | 8037 | 12/27/2007 | OK310830010010_00 | grmamed Tributary of Mustang 2
Wastewater Lines & Lagoons Caddo 9177 OK310830010010_00 | Sugar Creek 45
Great Plains Correctional Caddo 8158 12/26/2007 0OK310830010010_00 | Unnamed Tributary of Sugar Creek 10
The Iscani Subdivision Caddo 6397 3/13/2008 0OK310830010010 00 | Washita River 30
Anadarko Simple Cycle Capaci Caddo 9165 6/11/2008 OK310830010010_00 | Washita River 18
Cementers Stephens 8538 3/31/2008 0OK310810040140_00 | Wildhorse Creek 3
Smith Commercial Holdings, L Garvin 7734 12/27/2007 0OK310810020010_00 | Hybarger Creek
Oklahoma Department of .
Transportation JP #17456(04) Garvin 8088 12/18/2007 | OK310810020010_00 | Hybarger Creek 3
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Company Name County PeIrDm|t Date Issued Receiving Water Receiving Water (Permit) Es:(r:rrlz;ed

Oklahoma Department of . .
Transportation JP #21140(04) McClain 9084 6/11/2008 OK310810020010_00 | Criner Creek 4
Communication Line Install- Garvin 9002 OK310810010010_10 \F’{Vi\"j‘zf'ta River and North Canadian 20.6
Oklahoma Department of .
Transportation JP#23281(04) McClain 8684 1/8/2008 OK310810010010_10 | Byars Lake 4
Ardmore Water Treaiment Plant Carter 7566 | 12/26/2007 | OK310800020010 00 | City Lake 5
Improvement

Stone Creek Estates Carter 8642 | 1/18/2008 | OK310800020010 00 gg‘:kmed Tributary of Bullhead 20
Stone Creek Estates Carter 5883 0OK310800020010_00 | Caddo Creek Tributary 10
ggﬁg&s Evans Elementary Carter 7322 | 10/20/2007 | OK310800020010 00 | Sand Creek 5
Former Pure Oil Refinery Carter 8847 0OK310800020010_00 | Unnamed Tributary of Sand Creek 2
Misc Closures & Special Proj Carter 7230 2/20/2008 0OK310800020010_00 | Unnamed Tributary of Sand Creek 18
Runway 13/31 Extension & Rec Carter 8593 3/24/2008 OK310800020010_00 | Washita River 145
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Table 3-5 Rock, Sand and Gravel Quarries
. Permitted Permit Permit Mi_nin_g
Company Name County Permit ID Product Expiration Waterbody ID
Acres Issue Date | Renewal Date Date
E?nisrf'"e Potter/J.C. Potter | g0 vham | L.E.-1901 sand 80 2/1/2002 1/31/2009 1-31-2012 | OK310840020020_00
Murl Little Roger Mills | X09-1274 Red Shale 3 6/1/2008 N/A 5-31-2009 | OK310840020020 00
Murl Little Roger Mills | X09-1274 Red Shale 3 6/1/2008 N/A 5-31-2009 0OK310840020010_00
Dolores Wynn Roger Mills | X09-1223 Red Shale 3 1/5/2008 N/A 1-4-2009 | OK310840010010_00
Material Service of
Oklahoma, Inc. (Longhorn Kiowa L.E.-2021-A Limestone 370 12/1/2005 11/30/2007 Life of Mine 0OK310830020060_10
Mountain Facility)
Dolese Bros. (Carnegie) Caddo L.E.-1415 Limestone 62 8/1/1995 7/31/2008 7-31-2020 0OK310830020020_00
I(ﬁh;allir;s?#g)Gypsum Co. Caddo | LE.-1606-C | Gypsum 383 7/1/1997 | 6/30/2009 | Life of Mine | OK310830010010_00
I(ﬁh;allir;s?#r;)Gypsum Co. Caddo | LE.-2009-A | Gypsum 298 1/1/2004 | 12/31/2008 | Life of Mine | OK310830010010_00
I(ﬁh;allir;s?#g)Gypsum Co. Caddo | LE.-1606-C | Gypsum 383 7/1/1997 | 6/30/2009 | Life of Mine | OK310830010010_00
g'rz?/;""’ens Sand & Garvin L.E-1850 | Sand & Gravel 10 2/1/1999 1/31/2009 1-31-2019 | OK310810010010_10
L. A. Jacobson Inc. Garvin L.E-1967 | Sand & Gravel 5 3/1/2003 2/28/2009 2-28-2014 | OK310810010010 10
(Jacobson #2)
Dale W. Wilkins Carter LE.-2172 ?g‘ggo‘ﬁ 22 10/1/2006 |  9/30/2008 9-30-2031 | OK310800020040 00
Joe Brown Co., Inc. (#2) Carter L.E.-2131-A | Sand & Gravel 24 7/1/2004 6/30/2009 Life of Mine 0OK310800020040_00
(T,\'/Ir}‘neDZ{)Sf""d and Gravel Carter L.E-1970 | Sand & Gravel 40 4/1/2003 3/31/2004 3-31-2013 | OK310800020040 00
North Bay Homes Carter L.E.-2145 Clay 8 4/1/2006 3/31/2009 3-31-2011 | OK310800020010_00
Arbuckle Materials, Inc. Carter | LE-1777-C Sand 230 6/21/2004 |  3/31/2009 3-31-2020 | OK310800020010 00
(Gene Autry) -
Arbuckle Materials, Inc. Carter | LE-1777-C Sand 230 6/21/2004 |  3/31/2009 3-31-2020 | OK310800020010 00
(Gene Autry) -
Arbuckle Materials, Inc. Carter | LE.-1777-C Sand 230 6/21/2004 |  3/31/2009 3-31-2020 | OK310800020010 00
(Gene Autry)
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3.2 Nonpoint Sources

Nonpoint sources include those sources that cammatentified as entering the waterbody
at a specific location. The relatively homogenelausl use/land cover categories throughout
the Study Area associated with rural agricultui@est and range management activities has an
influence on the origin and pathways of pollutamiirees to surface water. Bacteria originate
from warm-blooded animals in rural, suburban, amdano areas. These sources include
wildlife, various agricultural activities and dontieated animals, land application fields, urban
runoff, failing onsite wastewater disposal (OSWP3tems and domestic pets. Water quality
data collected from streams draining urban comresmiften show existing concentrations of
fecal coliform bacteria at levels greater thanadess instantaneous standards. A study under
USEPA’s National Urban Runoff Project indicated tthéne average fecal coliform
concentration from 14 watersheds in different aveidsin the United States was approximately
15,000/100 mL in stormwater runoff (USEPA 1983)unBff from urban areas not permitted
under the MS4 program can be a significant soufdeaal coliform bacteria. Water quality
data collected from streams draining many of thapeomitted communities show existing
loads of fecal coliform bacteria at levels gredtemn the State’s instantaneous standards.

Various potential nonpoint sources of TSS as irtditan the 2008 Integrated Report
include sediments originating from grazing in ripar corridors of streams and creeks,
highway/road/bridge runoff, non-irrigated crop puctlon, rangeland grazing and other sources
of sediment loading (ODEQ 2008). Elevated turliditeasurements can be caused by stream
bank erosion processes, stormwater runoff events @her channel disturbances. The
following section provides general information oanpoint sources contributing bacteria or
TSS loading within the Study Area.

3.2.1 Wildlife

Fecal coliform bacteria are produced by all warmelled animals, including wildlife such
as mammals and birds. In developing bacteria TMDIis important to identify the potential
for bacteria contributions from wildlife by wateesh Wildlife is naturally attracted to riparian
corridors of streams and rivers. With direct ascesthe stream channel, wildlife can be a
concentrated source of bacteria loading to a wathrb Fecal coliform bacteria from wildlife
are also deposited onto land surfaces, where it beayashed into nearby streams by rainfall
runoff. Currently there are insufficient data dabie to estimate populations of wildlife and
avian species by watershed. Consequently it fEcdif to assess the magnitude of bacteria
contributions from wildlife species as a generaégary.

However, adequate data are available by countystonate the number of deer by
watershed. This report assumes that deer halitdides forests, croplands, and pastures.
Using Oklahoma Department of Wildlife and Conseoratounty data, the population of deer
can be roughly estimated from the actual numbeteeir harvested and harvest rate estimates.
Because harvest success varies from year to yesdban weather and other factors, the
average harvest from 1999 to 2003 was combined antlestimated annual harvest rate of
20 percent to predict deer population by countging the estimated deer population by county
and the percentage of the watershed area within eagnty, a wild deer population can be
calculated for each watershed.
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According to a study conducted by the American &gciof Agricultural Engineers
(ASAE), deer release approximately 5X%1€ecal coliform units per animal per day
(ASAE 1999). Although only a fraction of the tofi@cal coliform loading produced by the
deer population may actually enter a waterbody efitenated fecal coliform production based
on the estimated deer population provided in T&8Hbein cfu/day provides a relative magnitude

of loading in each watershed.

Table 3-6 Estimated Population and Fecal Coliform Bduction for Deer
Fecal
Watershed Wild Deer Estimated Production
Waterbody ID Waterbody Name Area . wild Deer | (x 10° cfu/day)
Population
(acres) per acre of Deer
Population

OK310840020020_00 | Sandstone Creek 66,301 432 0.007 216
OK310840020010_00 Z\éagjh'ta River at Site 404,873 2395 0.006 1,197
0OK310840010010_00 \,\’Avffg:tea River at SH 33, 267,507 1,725 0.006 863
OK310830030010 00 | Washita River at SH 311,883 1,292 0.004 646

- 152, Cordell
OK310830020060_10 | Rainy Mountain Creek 200,362 539 0.003 269
OK310830020020_00 | Stinking Creek 67,402 209 0.003 105
OK310830010010 00 | Washita River at US 200,034 1,919 0.010 960

- 281, Anadarko
0OK310810040140_00 | Wildhorse Creek 28,247 152 0.005 76
0K310810020010_00 | WVashita River at SH 19, 320,422 1,711 0.005 855

- near Alex
OK310810010190_00 | Washington Creek 13.140 70 0.005 35
OK310810010050_00 | Kickapoo Sandy Creek 7,610 58 0.008 29
OK310810010010 10 | Washita River at SH 19, 158,054 845 0.005 423

- Pauls Valley
OK310800020040_00 | Sand Branch 10,381 77 0.007 38
0K310800020010_00 | Yashita River at US 285,352 2134 0.007 1,067

- 177, Durwood

3.2.2 Non-Permitted Agricultural Activities and Domesticated Animals

There are a number of non-permitted agriculturdivéies that can also be sources of
bacteria or TSS loading. Agricultural activitie$ greatest concern are typically those
associated with livestock operations (Drapcho amdbldd 2002). Examples of commercially
raised farm animal activities that can contributéacteria sources include:

Processed commercially raised farm animal manuddtén applied to fields as fertilizer,
and can contribute to fecal bacteria loading toewaidies if washed into streams by
runoff.

Animal grazing in pastures deposit manure contgirigtal bacteria onto land surfaces.
These bacteria may be washed into waterbodiesrnffru

3-14 FINAL

August 2010

J\planning\TMDL\Bact_Turbidity_TMDLs\Washita RiverFT Washita TMDL Report_061610.docx



Washita River Bacteria and Turbidity TMDLs Pollut&ource Assessment

Animal often have direct access to waterbodies @rd provide a concentrated source of
fecal bacteria loading directly into streams or canse unstable stream banks which
can contribute TSS.

Table 3-7 provides estimated numbers of selectezbstiock by watershed based on the
2002 U.S. Department of Agriculture (USDA) countyriaultural census data (USDA 2002).
The estimated commercially raised farm animal pajiahs in Table 3-7 were derived by using
the percentage of the watershed within each coumgcause the watersheds are generally
much smaller than the counties, and commercialigech farm animals are not evenly
distributed across counties or constant with tithese are rough estimates only. Cattle are
clearly the most abundant species of commerciallyed farm animals in the Study Area and
often have direct access to the impaired waterlsaali¢heir tributaries.

Detailed information is not available to describe quantify the relationship between
instream concentrations of bacteria and land agipdic of manure from commercially raised
farm animal. Nor is sufficient information availalio describe or quantify the contributions of
sediment loading caused by commercially raised fammal responsible for destabilizing
stream banks or erosion in pasture fields. Thienaestd acreage by watershed where manure
was applied in 2002 is shown in Table 3-7. Thedenates are also based on the county level
reports from the 2002 USDA county agricultural ee)sand thus, represent approximations of
the commercially raised farm animal populationseech watershed. Despite the lack of
specific data, for the purpose of these TMDLs, |lapglication of commercially raised farm
animal manure is considered a potential sourceactepa loading to the watersheds in the
Study Area.

According to a livestock study conducted by the ASAthe daily fecal coliform
production rates by livestock species were estithasefollows (ASAE 1999):

Beef cattle release approximately 1.04E+11 feclflocon counts per animal per day;
Dairy cattle release approximately 1.01E+11 pemahper day

Swine release approximately 1.08E+10 per animatipgr

Chickens release approximately 1.36E+08 per anpmatay

Sheep release approximately 1.20E+10 per animalger

Horses release approximately 4.20E+08 per anieradigy;

Turkey release approximately 9.30E+07 per animatipg

Ducks release approximately 2.43E+09 per animatipgr

Geese release approximately 4.90E+10 per animalager

Using the estimated animal populations and thel feodform production rates from
ASAE, an estimate of fecal coliform production fraach group of commercially raised farm
animal was calculated in each watershed of theySAwéa in Table 3-8. Note that only a small
fraction of these fecal coliform are expected tpresent loading into waterbodies, either
washed into streams by runoff or by direct depositirom wading animals. Cattle again
appear to represent the most likely commerciallyachfarm animal source of fecal bacteria.
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Table 3-7 Livestock and Manure Estimates by Waterséd

Cattle Dairy Horses | Sheep | Hogs | Ducks | Chickens Acres of

Waterbody ID Waterbody Name & Cows &' & & & & Mapurga
Calves Ponies | Lambs | Pigs | Geese | Turkeys | Application
0K310840020020 00 | Sandstone Creek 6,161 62 127 20 31 0 43 28
0OK310840020010 00 | Washita River at Site #384 39,221 342 636 8 138 0 231 13
0OK310840010010 00 | Washita River at SH 33, McLure 26,759 259 467 289 66 21 191 515
0OK310830030010 00 | Washita River at SH 152, Cordell 48,383 174 331 342 0 7 168 1,002
0OK310830020060 10 Rainy Mountain Creek 22,158 43 216 651 111 2 43 886
OK310830020020 00 | Stinking Creek 7,489 11 78 224 178 1 14 305
0OK310830010010 00 | Washita River at US 281, Anadarko 32,566 83 502 335 | 5,745 31 185 692
0K310810040140 00 | Wildhorse Creek 3,865 34 115 40 46 21 102 29
0OK310810020010 00 | Washita River at SH 19, near Alex 50,092 | 4,184 1,870 1,586 | 5,690 139 1,056 1,815
0OK310810010190 00 | Washington Creek 1,922 21 86 38 37 11 15 73
0OK310810010050 00 Kickapoo Sandy Creek 914 46 31 13 9 1 3 43
OK310810010010 10 | Washita River at SH 19, Pauls Valley | 23,228 274 1,060 488 565 122 233 907
0OK310800020040 00 | Sand Branch 1,147 2 45 16 13 15 40 23
0OK310800020010 00 | Washita River at US 177, Durwood 31,754 243 1,209 430 339 353 1,007 687
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Table 3-8 Fecal Coliform Production Estimates for @mmercially Raised Farm Animals (x18 number/day)
Cattle & Dairy Horses Sheep | Hogs | Ducks | Chickens
Waterbody ID Waterbody Name Calves- Cows &_ Goats & & & & Total

all Ponies Lambs | Pigs | Geese | Turkeys
0OK310840020020 00 | Sandstone Creek 640,779 6,287 53 N/A 240 333 0 5 647,697
0OK310840020010 00 | Washita River at Site #384 4,078,946 | 34,494 267 N/A 90 | 1,492 4 26 | 4,115,319
0OK310840010010 00 | Washita River at SH 33, McLure 2,782,965 | 26,136 196 N/A 3,467 711 540 22 | 2,814,036
0OK310830030010_00 | Washita River at SH 152, Cordell 5,031,796 | 17,592 139 | N/A 4,098 0 180 19 | 5,053,825
0OK310830020060 10 | Rainy Mountain Creek 2,304,464 4,356 91| N/A 7,807 | 1,200 64 512,317,987
0OK310830020020_00 | Stinking Creek 778,900 1,145 33| N/A 2,683 | 1,925 32 2 784,718
OK310830010010_00 | Washita River at US 281, Anadarko | 3,386,858 8,424 211 | N/A 4,022 | 62,047 793 21 | 3,462,377
0K310810040140 00 | Wildhorse Creek 401,922 3,472 49 | N/A 481 500 537 12 406,971
0K310810020010 00 | Washita River at SH 19, near Alex 5,209,527 | 422,565 786 | N/A | 19,028 | 61,453 | 3,562 121 | 5,717,042
0OK310810010190 00 | Washington Creek 199,894 2,083 36 N/A 453 400 272 2 203,139
OK310810010050 00 | Kickapoo Sandy Creek 95,035 4,603 13 N/A 152 97 37 0 99,938
0OK310810010010 10 | Washita River at SH 19, Pauls Valley | 2,415,708 | 27,682 445 N/A 5861 | 6,103 | 3,134 27 | 2,458,959
0OK310800020040 00 | Sand Branch 119,330 241 19 N/A 188 138 374 5 120,294
0OK310800020010 00 | Washita River at US 177, Durwood 3,302,424 | 24,552 508 | N/A 5,155 | 3,659 | 9,065 115 | 3,345,478
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3.2.3 Failing Onsite Wastewater Disposal Systems and lllicit Discharges

ODEQ is responsible for implementing the reguldiai Title 252, Chapter 641 of the
Oklahoma Administrative Code, which defines destandards for individual and small public
onsite sewage disposal systems (ODEQ 2004). OSWteras and illicit discharges can be a
source of bacteria loading to streams and riv&acteria loading from failing OSWD systems
can be transported to streams in a variety of wangduding runoff from surface ponding or
through groundwater. Fecal coliform-contaminatealugdwater discharges to creeks through
springs and seeps.

To estimate the potential magnitude of OSWDs fdidteria loading, the number of
OSWD systems was estimated for each watershed. e$timate of OSWD systems was
derived by using data from the 1990 U.S. CensuS.(Gensus Bureau 2000). The density of
OSWD systems within each watershed was estimatedivging the number of OSWD
systems in each census block by the number of atreach census block. This density was
then applied to the number of acres of each cebkek within a WQM station watershed.
Census blocks crossing a watershed boundary readotditional calculation to estimate the
number of OSWD systems based on the proportiomefcensus tracking falling within each
watershed. This step involved adding all OSWD ayst for each whole or partial census
block.

Over time, most OSWD systems operating at full capawill fail. OSWD system
failures are proportional to the adequacy of ae&ahinimum design criteria (Hall 2002). The
1995 American Housing Survey conducted by the UW®nsus Bureau estimates that,
nationwide, 10 percent of occupied homes with OS\#iBtems experience malfunctions
during the year (U.S. Census Bureau 1995). A stuaylucted by Reed, Stowe & Yanke, LLC
(2001) reported that approximately 12 percent af@ ®SWD systems in east Texas and
8 percent in the Texas Panhandle were chronicadlijumctioning. Most studies estimate that
the minimum lot size necessary to ensure agaimghognation is roughly one-half to one acre
(Hall 2002). Some studies, however, found thasipés in this range or even larger could still
cause contamination of ground or surface water(&lsity of Florida 1987). It is estimated
that areas with more than 40 OSWD systems per squale (6.25 septic systems per
100 acres) can be considered to have potentialagonation problems (Canter and
Knox 1986). Table 3-9 summarizes estimates of ssvand unsewered households for each
watershed in the Study Area.
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Table 3-9 Estimates of Sewered and Unsewered Houséds
Public Septic Other | Housing %
HilEbety 12 iElEney Neme Sewer Tank Means Units Sewered
0K310840020020_00 | Sandstone Creek 423 226 6 655 65%
OK310840020010_00 ;\g"gjh'ta River at Site 475 591 4 1070 44%
OK310840010010_00 \Knvffjrlfea River at SH 33, 774 523 2 1299 60%
OK310830030010_00 \(/:V;ngltla Riverat SH152, | 4587 | 1009 55| 4351 76%
OK310830020060_10 | Rainy Mountain Creek 1475 337 54 1866 79%
0K310830020020_00 | Stinking Creek 298 135 24 457 65%
OK310830010010_oo | Washita River at US 281, 3149 1488 21 4658 68%
Anadarko
0OK310810040140_00 | Wildhorse Creek 214 330 5 549 39%
OK310810020010_00 | WWashita River at SH 19, 2356 2916 93 5365 44%
near Alex
OK310810010190_00 | Washington Creek 41 105 5 151 27%
OK310810010050_00 | Kickapoo Sandy Creek 138 59 1 198 70%
0K310810010010_10 | Yashita River at SH 19, 1997 | 1316 51| 3364 59%
Pauls Valley
0OK310800020040_00 | Sand Branch 101 239 2 342 30%
OK310800020010_o0 | Washita River at US 177, 3841 2376 71 6288 61%
Durwood

For the purpose of estimating fecal coliform loadin watersheds, an OSWD failure rate
of 8 percent was used for Sandstone Creek (OK31I20 00), Washita River at Site #384
(OK310840020010_00), Washita River at SH 33, McL((»¥310840010010 00), Washita

River at SH

152, Cordell

(OK310830030010_00),

Rainiountain

Creek

(OK310830020060_10), Stinking Creek (OK31083002002), Washita River at US 281,

Anadarko (OK310830010010_00).

The failure ratel@fpercent was used for Wildhorse

Creek (OK310810040140_00), Washita River at SHriEsr Alex (OK310810020010 _00),
Washington Creek (OK310810020200_00), Kickapoo $adeek (OK310810020170_00),

Washita River

at SH 19,

Pauls Valley (OK31081001DD),

Sand Branch

(OK310800020040_00), and Washita River at US 17drwood (OK310800020010 00).
Using both 8 and 12 percent failure rates, calmnatwere made to characterize fecal coliform
loads in each watershed.

Fecal coliform loads were estimated using the Withg equation (USEPA 2001):

counts
#

Vil (# Failing_system)9‘ (

10°count

70gal

person

100ml

s
personda

househol

J x [37852ﬂj
gal
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The average of number of people per household aiasilated to be 2.44 for counties in
the Study Area (U.S. Census Bureau 2000). Appratety 70 gallons of wastewater were
estimated to be produced on average per persodayefMetcalf and Eddy 1991). The fecal
coliform concentration in septic tank effluent westimated to be £@er 100 mL of effluent
based on reported concentrations from a numberubfigations (Metcalf and Eddy 1991,
Canter and Knox 1985; Cogger and Carlile 1984)ingJshis information, the estimated load

from failing septic systems within the watershedswummarized below in Table 3-10.

Table 3-10  Estimated Fecal Coliform Load from OSWDSystems
Estimated
# of Loads from
Waterbody ID Waterbody Name Acres S.I_e;)r:;(c l;aelrl;tr:g ?gﬁﬂg
Tanks (x 10°

counts/day)

0K310840020020 00 | Sandstone Creek 66,301 226 18 124
0OK310840020010_00 | Washita River at Site #384 404,873 591 47 323
0OK310840010010 00 | Washita River at SH 33, McLure 267,507 523 42 286
0OK310830030010 00 | Washita River at SH 152, Cordell 311,883 1009 81 552
0OK310830020060 10 | Rainy Mountain Creek 200,362 337 27 184
0OK310830020020 00 | Stinking Creek 67,402 135 11 74
0OK310830010010 00 | Washita River at US 281, Anadarko 200,034 1488 119 814
0OK310810040140 00 | Wildhorse Creek 28,247 330 40 271
0OK310810020010 00 | Washita River at SH 19, near Alex 320,422 2916 350 2,392
0OK310810010190 00 | Washington Creek 13,140 105 13 86
0OK310810010050 00 | Kickapoo Sandy Creek 7,610 59 7 48
0OK310810010010 10 | Washita River at SH 19, Pauls Valley 158,054 1316 158 1,080
0OK310800020040_00 | Sand Branch 10,381 239 29 196
0OK310800020010 00 | Washita River at US 177, Durwood 285,352 2376 285 1,949

3.2.4 Domestic Pets

Fecal matter from dogs and cats, which is trangdax streams by runoff from urban and
suburban areas can be a potential source of badteding. On average 37.2 percent of the
nation’s households own dogs and 32.4 percent @isiand in these households the average
number ofdogs is 1.7 and 2.2 cats per householthe(ean Veterinary Medical
Association 2007). Using the U.S. Census dataeabtock level (U.S. Census Bureau 2000),
dog and cat populations can be estimated for eaaterghed. Table 3-11 summarizes the
estimated number of dogs and cats for the watessbieithe Study Area.
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Table 3-11  Estimated Numbers of Pets
Waterbody ID Waterbody Name Dogs Cats
0K310840020020 00 Sandstone Creek 148 167
0OK310840020010_00 Washita River at Site #384 474 535
0OK310840010010 00 Washita River at SH 33, McLure 425 480
0OK310830030010 00 Washita River at SH 152, Cordell 1780 2008
0OK310830020060 10 Rainy Mountain Creek 667 752
0OK310830020020_00 Stinking Creek 82 92
0OK310830010010 00 Washita River at US 281, Anadarko 3004 3389
0OK310810040140 00 Wildhorse Creek 814 918
0OK310810020010 00 Washita River at SH 19, near Alex 2904 3276
0OK310810010190 00 Washington Creek 71 80
0OK310810010050 00 Kickapoo Sandy Creek 83 93
0OK310810010010 10 Washita River at SH 19, Pauls Valley 1641 1852
0OK310800020040_00 Sand Branch 313 353
0K310800020010 00 Washita River at US 177, Durwood 3495 3943

Table 3-12 provides an estimate of the fecal cofiftoad from pets. These estimates are
based on estimated fecal coliform production rafes.4x1¢ per day for cats and 3.3xX1per
day for dogs (Schueler 2000).

Table 3-12  Estimated Fecal Coliform Daily Productia by Pets (x168 counts/day)
Waterbody ID Waterbody Name Dogs Cats Total
0OK310840020020 00 | Sandstone Creek 489 90 579
0OK310840020010 00 | Washita River at Site #384 1,564 289 1,853
0OK310840010010_00 | Washita River at SH 33, McLure 1,403 259 1,662
OK310830030010 00 | Washita River at SH 152, Cordell 5,873 1,084 6,957
0OK310830020060 10 | Rainy Mountain Creek 2,201 406 2,607
OK310830020020 00 | Stinking Creek 269 50 319
OK310830010010 00 | Washita River at US 281, Anadarko 9,914 1,830 11,744
0OK310810040140 00 | Wildhorse Creek 2,685 496 3,181
OK310810020010 00 | Washita River at SH 19, near Alex 9,582 1,769 11,351
0OK310810010190_00 | Washington Creek 234 43 278
0OK310810010050_00 | Kickapoo Sandy Creek 273 50 323
0OK310810010010 10 | Washita River at SH 19, Pauls Valley 5,417 1,000 6,417
0OK310800020040_00 | Sand Branch 1,034 191 1,224
0OK310800020010 00 | Washita River at US 177, Durwood 11,535 2,129 13,665
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3.3 Summary of Bacteria Sources

There are no continuous, permitted point sourcedamtteria in the Sandstone Creek,
Stinking Creek, Wildhorse Creek, and Kickapoo Sar@heek watersheds which require
bacteria TMDLs; therefore, nonsupport of PBCR usthese watersheds is caused by nonpoint
sources of bacteria only. The Wahsita River atlSHnear Alex watershed has one continuous
point sources discharge which does contribute bacteut the available data suggests that the
proportion of bacteria from point sources is mindherefore the various nonpoint sources are
considered to be the major source of bacteria hopith each watershed that requires a bacteria
TMDL.

Table 3-13 below provides a summary of the estith&eal coliform loads in cfu/day for
the four major nonpoint source categories (comma#ycraised farm animals, pets, deer, and
septic tanks) that contribute to the elevated b@cteoncentrations in each watershed.
Livestock are estimated to be the largest contoitsudf fecal coliform loading to land surfaces.
It must be noted that while no data are availabledtimate populations and fecal loading of
wildlife other than deer, a number of bacteria seutracking studies around the nation
demonstrate that wild birds and mammals represemdjar source of the fecal bacteria found
in streams.

Table 3-13  Summary of Fecal Coliform Load Estimatefrom Nonpoint Sources to
Land Surfaces ( x18 counts/day)

All Estimated

Commercially ~oEl

Waterbody ID Waterbody Name X Pets | Deer from

e

Tanks
0OK310840020020 00 | Sandstone Creek 647,697 579 216 124
0OK310840020010 00 | Washita River at Site #384 4,115,319 1,853 | 1,197 323
0OK310840010010 00 | Washita River at SH 33, McLure 2,814,036 1,662 863 286
OK310830030010 00 | Washita River at SH 152, Cordell 5,053,825 | 6,957 646 552
0OK310830020060 10 | Rainy Mountain Creek 2,317,987 | 2,607 269 184
0K310830020020_00 | Stinking Creek 784,718 319 105 74
0OK310830010010 00 | Washita River at US 281, Anadarko 3,462,377 | 11,744 960 814
0K310810040140 00 | Wildhorse Creek 406,971 | 3,181 76 271
0OK310810020010 00 | Washita River at SH 19, near Alex 5,717,042 | 11,351 855 2,392
0OK310810010190 00 | Washington Creek 203,139 278 35 86
0OK310810010050_00 | Kickapoo Sandy Creek 99,938 323 29 48
0OK310810010010_10 | Washita River at SH 19, Pauls Valley 2,458,959 6,417 422 1,080
0OK310800020040 00 | Sand Branch 120,294 | 1,224 38 196
0OK310800020010 00 | Washita River at US 177, Durwood 3,345,478 | 13,665 | 1,067 1,949

The magnitude of loading to a stream may not reflee magnitude of loading to land

surfaces. While no studies have quantified théfects, bacteria may die off or survive at

different rates depending on the manure charatitsriand a number of other environmental
conditions. Also, the structural properties of gomanure, such as cow patties, may limit their
washoff into streams by runoff. In contrast, matftioning septic tank effluent may be present
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in standing water on the surface, or in shallonwugdwater, which may enhance its conveyance
to streams.

Of the 14 watersheds in the Study Area that requibgdity TMDLS, only two of them,
Washington Creek (OK310810020200_00) and Kickapoo and$g Creek
(OK310810020170_00), have no permitted sourcesS8; therefore, nonsupport of WWAC
use in these two watersheds is associated withamanpources of TSS only. The other 12
watersheds have some permitted activity (industdahtruction, or mining) that contributes
some TSS loading as well as a variety of activitasising nonpoint sources of sediment
loading. Sediment loading of streams can origirigde natural erosion processes, including
the weathering of soil, rocks, and uncultivateddiageological abrasion; and other natural
phenomena. There is insufficient data availablguantify contributions of TSS from these
natural processes. TSS or sediment loading canaasur under non-runoff conditions as a
result of anthropogenic activities in riparian edors which cause erosive conditions. Given
the lack of data to establish the background cawdit for TSS/turbidity, separating
background loading from nonpoint sources whethersitfrom natural or anthropogenic
processes is not feasible in this TMDL development.
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SECTION 4
TECHNICAL APPROACH AND METHODS

The objective of a TMDL is to estimate allowablellp@nt loads and to allocate these
loads to the known pollutant sources in the waenisko appropriate control measures can be
implemented and the WQS achieved. A TMDL is exgpedsas the sum of three elements as
described in the following mathematical equation:

TMDL = X WLA + £ LA + MOS

The WLA is the portion of the TMDL allocated to sting and future point sources. The
LA is the portion of the TMDL allocated to nonpoisturces, including natural background
sources. The MOS is intended to ensure that WQISbevmet. Thus, the allowable pollutant
load that can be allocated to point and nonpoinrcas can then be defined as the TMDL
minus the MOS.

40 CFR, 8130.2(1), states that TMDLs can be exptess terms of mass per time,
toxicity, or other appropriate measures. For faxdiform, E. coli, or Enterococci bacteria,
TMDLs are expressed as colony-forming units per, dalgere possible, or as a percent
reduction goal (PRG), and represent the maximumdayeload the stream can assimilate
while still attaining the WQS. Turbidity TMDLs wibe derived from TSS calculations and
expressed in pounds (Ibs) per day which will repnéshe maximum one-day load the stream
can assimilate while still attaining the WQS, adlas a PRG.

4.1 Determining a Surrogate Target for Turbidity

Turbidity is a commonly measured indicator of thespgended solids load in streams.
However, turbidity is an optical property of watevhich measures scattering of light by
suspended solids and colloidal matter. To devel®yDIs, a gravimetric (mass-based)
measure of solids loading is required to expreasldo There is often a strong relationship
between the total suspended solids concentratidriuabidity. Therefore, the TSS load, which
is expressed as mass per time, is used as a sierfogéurbidity.

To determine the relationship between turbidity &8, a linear regression between TSS
and turbidity was developed using data collectechfi998 to 2008 at stations within the Study
Area. Prior to developing the regression the foitg steps were taken to refine the dataset:

* Replace TSS samples of “<10” with 9.99;

* Remove data collected under high flow conditionseexling the base-flow criterion.
This means that measurements corresponding todimeedance percentiles lower than
25" were not used in the regression;

* Check rainfall data on the day when samples welleated and on the previous two
days. If there was a significant rainfall event (2.0 inch) in any of these days, the
sample will be excluded from regression analysih wne exception. If the significant
rainfall happened on the sampling day and the ditsbreading was less than 25 NTUs
(half of turbidity standard for streams), the saenpill not be excluded from analysis
because most likely the rainfall occurred aftersample was taken, and

* Log-transform both turbidity and TSS data to miraeneffects of their non-linear data
distributions.
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When ordinary least squares regression (OLS) isieapo ascertain the best relationship
between two variables (i.e., X and Y), one varigheis considered “dependent” on the other
variable (X), but X must be considered “indepentlenft the other, and known without
measurement error. OLS minimizes the differenoesesiduals, between measured Y values
and Y values predicted based on the X variable.

For current purposes, a relationship is necessarprédict TSS concentrations from
measured turbidity values, but also to translageliBS-based TMDL back to instream turbidity
values. For this purpose, an alternate regressitimgfprocedure known as the line of organic
correlation (LOC) was applied. The LOC has threlwvaatages over OLS (Helsel and
Hirsch 2002):

*« LOC minimizes fitted residuals in both the X andliyections;

e It provides a unique best-fit line regardless ofickhparameter is used as the
independent variable; and

* Regression-fitted values have the same varianteeasriginal data.

The LOC minimizes the areas of the right triandtesned by horizontal and vertical lines
drawn from observations to the fitted line. Thepsg of the LOC line equals the geometric
mean of the Y on X (TSS on turbidity) and X on Yirftidity on TSS) OLS slopes, and is
calculated as:

S
ml = /'m0 = sigr{r]
SX

whereml is the slope of the LOC line is the TSS on turbidity OLS slopey’ is the turbidity
on TSS OLS slope, is the TSS-turbidity correlation coefficiers),is the standard deviation of
the TSS measurements, ands the standard deviation of the turbidity meamemets.

The intercept of the LOMY) is subsequently found by fitting the line witletLOC slope
through the point (mean turbidity, mean TSS). Therelation between TSS and turbidity,
along with the LOC and the OLS lines are shown igufes 4-1 through Figure 4-13. It is
noted that waterbodies OK310830010010 00 and OKB1@MA010_00 did not have enough
turbidity-TSS paired data (a minimum of 10 poirgsequired for the regression), so data from
alternative areas were used. For waterbody OK31@BBWL0 00, data collected within the 8-
digit watershed (OK31083001) were used to developregression. For waterbody
OK310810020010_00, the regression developed for tldownstream reach
(OK310810010010_00) was used in lieu of the regrassom the 8-digit watershed; because
downstream data are expected to be more repreisentdtthe concentrations in the reach of
concern.
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Figure 4-1  Linear Regression for TSS-Turbidity forSandstone Creek
(OK310840020020_00)
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Figure 4-2  Linear Regression for TSS-Turbidity forWashita River at Site #384
(OK310840020010_00)
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Figure 4-3  Linear Regression for TSS-Turbidity forWashita River at SH 33, McLure
(OK310840010010_00)
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Figure 4-4  Linear Regression for TSS-Turbidity forWashita River at SH 152, Cordell
(OK310830030010_00)

10000 —
log TSS = 0.7949*0og turbidity+5405
2 =0.774
normalized RMSE = 12%
1000 -7
g
g
— 100
0
(%2}
'_
10
4 Measurement
=== L10C
— = = OLS1 - TSS on turbidity
1 = = = OLS2 - Turbidity on TSS
1 10 100 1000
Turbidity (NTU)

4-4 FINAL

J:\planning\TMDL\Bact_Turbidity TMDLs\Washita RiW&FT Washita TMDL Report_061610.docx
August 2010



Washita River Bacteria and Turbidity TMDLSs Techhikpproach and Methods

Linear Regression for TSS-Turbidity forRainy Mountain Creek

Figure 4-5
(OK310830020060_10)
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Figure 4-6  Linear Regression for TSS-Turbidity for Stinking Creek
(OK310830020020_00)
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Figure 4-7  Linear Regression for TSS-Turbidity forWashita River at US 281,
Anadarko (OK310830010010_00)
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Data for 8-digit watershed (OK31083001)

Figure 4-8  Linear Regression for TSS-Turbidity forWildhorse Creek
(OK310810040140_00)
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Figure 4-9
(OK310810010190_00)
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Figure 4-10 Linear Regression for TSS-Turbidity forKickapoo Sandy Creek

(OK310810010050_00)
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Figure 4-11 Linear Regression for TSS-Turbidity forWwashita River at SH 19, Pauls

Valley (OK310810010010_10)
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Data from this regression were used to define W@etaand MOS for waterbody OK310810020010_00
Figure 4-12 Linear Regression for TSS-Turbidity forSand Branch

(OK310800020040_00)
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Figure 4-13 Linear Regression for TSS-Turbidity forWashita River at US 177,
Durwood (OK310800020010_00)
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The NRMSE and R-squarefwere used as the primary measures of goodnefits-dfor
example, as shown in Figure 4-1, the LOC yieldSRM$E value of 8.8 which means the root
mean square error (RMSE) is 8.8% of the averagheofmeasured TSS values. The R-square
(%) value indicates the fraction of the total variarin TSS or turbidity observations that is
explained by the LOC. Table 4-1 shows the staistif the regressions and the resultant TSS
targets.

Table 4-1 Regression Statistics and TSS Targets

= TSS TSS

Waterbody ID Waterbody Name square | NRMSE | Goal MOS® | Target

q (mg/L)? (mg/L)°
0K310840020020_00 | Sandstone Creek 0.896 | 8.8% 60 10% 54
0K310840020010_00 | Washita River at Site #384 0.508 | 19.4% 55 20% 44
OK310840010010_00 \,\’AVE‘ES:? River at SH 33, 0.873 | 10.5% 88 15% 75
OK310830030010_00 \(’:Vof"rzrgltla River at SH 152, 0773 | 125% | 78 | 15% 66
0K310830020060_10 | Rainy Mountain Creek 0.953 | 7.5% 58 10% 52
0K310830020020_00 | Stinking Creek 0.920 | 7.5% 41 10% 37
OK310830010010_00 Xvn"f dha'ltr";‘(oR'VGr atUs 281, 0.866 | 15.5% 86 15% 73
0K310810040140_00 | Wildhorse Creek 0.930 | 6.0% 63 10% 57
0K310810020010_00 X\fea)fg"ta Riverat SH19,near| 2751 | 1320 | 40 15% 34
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R TSS TSS
Waterbody ID Waterbody Name square NRMSE | Goal MOS" Target
d (mg/L)* (mg/L)®
0K310810010190_00 | Washington Creek 0.568 | 24.8% 34 25% 26
0OK310810010050_00 | Kickapoo Sandy Creek 0.964 7.3% 60 10% 54
OK310810010010_10 | Yashita River at SH 19, 0721 | 132% | 40 | 15% 34
Pauls Valley
0OK310800020040_00 | Sand Branch 0.775 | 23.1% 57 25% 43
OK310800020010_oo | Washita River at US 177, 0.621 | 15.0% 54 15% 46
Durwood

& Calculated using the regression equation anduttibédity standard (50 NTU)
® Based on the goodness-of-fit of the turbidity-Ti8§ression (NRMSE)
°WQ goal minus MOS

9 Data from regression for waterbody OK310810010000

It was noted that there were a few outliers thartex undue influence on the regression
relationship. These outliers were identified byplgmg the Tukey’'s Boxplot method
(Tukey 1977) to the dataset of the distances frtwserved points to the regression line. The
Tukey Method is based on the interquartile rand@R{l the difference between the"75
percentile (Q) and 2% percentile (Q) of distances between observed points and the LOC.
Using the Tukey method, any point with an erroragge than @+ 1.5* IQR or less than 3-
1.5*IQR was identified as an outlier and removeaihfrthe regression dataset. The above
regressions were calculated using the datasetowitfers removed.

The Tukey Method is equivalent to using three tirttes standard deviation to identify
outliers if the residuals (observed - predictedlof® a normal distribution. The probability of
sampling results being within three standard dewnat of the mean is 99.73% while the
probability for the Tukey Method is 99.65%. If ¢lertimes the standard deviation is used to
identify outliers, it is necessary to first confirthat the residuals are indeed normally
distributed. This is difficult to do because otthize limitations of the existing turbidity &
TSS dataset. Tukey’'s method does not rely on asymaption about the distribution of the
residuals. It can be used regardless of the shagistabution.

Outliers were removed from the dataset only focwaaling the turbidity-TSS relationship,
not from the dataset used to develop the TMDL.

4.2 Using Load Duration Curves to Develop TMDLs

The TMDL calculations presented in this report dezived from load duration curves
(LDC). LDCs facilitate rapid development of TMDLand as a TMDL development tool are
effective at identifying whether impairments aresasated with point or nonpoint sources.
The technical approach for using LDCs for TMDL depenent includes the following steps
that are described in Subsections 4.3 through ddnb

Preparing flow duration curves for gaged and undayy®M stations;

» Estimating existing loading in the waterbody usambient bacteria water quality data;
and estimating loading in the waterbody using mess0'SS water quality data and
turbidity-converted data; and

Using LDCs to identify the critical condition thaiill dictate loading reductions and the
overall percent reduction goal (PRG) necessarytamnaWVQs.
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Historically, in developing WLAs for pollutants fmo point sources, it was customary to
designate a critical low flow conditior.g.,7Q2) at which the maximum permissible loading
was calculated. As water quality management efferpanded in scope to quantitatively
address nonpoint sources of pollution and typepgatifitants, it became clear that this single
critical low flow condition was inadequate to ers@dequate water quality across a range of
flow conditions. Use of the LDC obviates the needletermine a design storm or selected
flow recurrence interval with which to characteritliee appropriate flow level for the
assessment of critical conditions. For waterbodimepacted by both point and nonpoint
sources, the “nonpoint source critical conditiorduM typically occur during high flows, when
rainfall runoff would contribute the bulk of the lpgant load, while the “point source critical
condition” would typically occur during low flowsyhen WWTP effluents would dominate the
base flow of the impaired water. However, flowgans only a general indicator of the relative
proportion of point/nonpoint contributions. Itnet used in this report to quantify point source
or nonpoint source contributions. Violations tlatur during low flows may not be caused
exclusively by point sources. Violations have beeted in some watersheds that contain no
point sources.

LDCs display the maximum allowable load over thenptete range of flow conditions by
a line using the calculation of flow multiplied laywater quality criterion. The TMDL can be
expressed as a continuous function of flow, equé#hé line, or as a discrete value derived from
a specific flow condition.

4.3 Development of Flow Duration Curves

Flow duration curves serve as the foundation of ER@d are graphical representations of
the flow characteristics of a stream at a givee. sielow duration curves utilize the historical
hydrologic record from stream gages to forecasiréutecurrence frequencies. Many WQM
stations throughout Oklahoma do not have long-tkom data and therefore, flow frequencies
must be estimated. Eight of the fourteen watedmdhn the Study Area do not have USGS
gage stations. The default approach used to devildw frequencies necessary to establish
flow duration curves considers watershed differenicerainfall, land use, and the hydrologic
properties of soil that govern runoff and retentioh detailed explanation of the methods for
estimating flow for ungaged streams is providedppendix B. The most basic method to
estimate flows at an ungaged site involves 1) ileng an upstream or downstream flow
gage; 2) calculating the contributing drainage su@fahe ungaged sites and the flow gage; and
3) calculating daily flows at the ungaged site i8ing the flow at the gaged site multiplied by
the drainage area ratio.

Flow duration curves are a type of cumulative stion function. The flow duration
curve represents the fraction of flow observatitimast exceed a given flow at the site of
interest. The observed flow values are first rank®m highest to lowest, then, for each
observation, the percentage of observations excgdbat flow is calculated. The flow value
is read from the ordinate (y-axis), which is typig@n a logarithmic scale since the high flows
would otherwise overwhelm the low flows. The fl@xceedance frequency is read from the
abscissa, which is numbered from 0 to 100 per@ad,may or may not be logarithmic. The
lowest measured flow occurs at an exceedance fneguef 100 percent indicating that flow
has equaled or exceeded this value 100 percehedfrhe, while the highest measured flow is
found at an exceedance frequency of O percent. mddian flow occurs at a flow exceedance
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frequency of 50 percent. The flow exceedance péites for each waterbody addressed in this
report are provided in Appendix B.

While the number of observations required to dgvedo flow duration curve is not
rigorously specified, a flow duration curve is ufpabased on more than 1 year of
observations, and encompasses inter-annual andnsgasriation. Ideally, the drought of
record and flood of record are included in the ole#ons. For this purpose, the long-term
flow gaging stations operated by the USGS arezetlli(USGS 2009) to support the Oklahoma
TMDL Toolbox.

The USGS National Water Information System serveshe primary source of flow
measurements for the Oklahoma TMDL Toolbox. Alaigable daily average flow values for
all gages in Oklahoma, as well as the nearest egostrand downstream gages in adjacent
states, were retrieved for use in the Oklahoma TMDblbox to generate flow duation curves
for gaged and ungaged waterbodies. The applicatioludes a data update module that
automatically downloads the most recent USGS dath appends it to the existing flow
database.

Some instantaneous flow measurements were avatftalphevarious agencies. These were
not combined with the daily average flows or usedcalculating flow percentiles, but were
matched to bacteria, turbidity, or TSS grab measards collected at the same site and time.
When available, these instantaneous flow measursmere used in lieu of projected flows to
calculate pollutant loads.

A typical semi-log flow duration curve exhibits @moidal shape, bending upward near a
flow exceedance frequency value of 0 percent awdhdard at a frequency near 100 percent,
often with a relatively constant slope in betwe&or sites that on occasion exhibit no flow, the
curve will intersect the abscissa at a frequen®g ldhan 100 percent. As the number of
observations at a site increases, the line of b€ tends to appear smoother. However, at
extreme low and high flow values, flow duration\e®s may exhibit a “stair step” effect due to
the USGS flow data rounding conventions near thatdi of quantitation. Figures 4-14
through 4-27 are flow duration curves for each imgzhwaterbody.
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Figure 4-14 Flow Duration Curve for Sandstone Creek
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Figure 4-15 Flow Duration Curve for Washita River & Site #384
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Figure 4-16 Flow Duration Curve for Washita River & SH 33, McLure
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Figure 4-17 Flow Duration Curve for Washita River & SH 152, Cordell
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Figure 4-18 Flow Duration Curve for Rainy Mountain Creek
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Figure 4-19  Flow Duration Curve for Stinking Creek
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Figure 4-20 Flow Duration Curve for Washita River & US 281, Anadarko
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Figure 4-21  Flow Duration Curve for Wildhorse Creek
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Figure 4-22 Flow Duration Curve for Washita River & SH 19, near Alex
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Figure 4-23

Flow Duration Curve for Washington Creé
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Figure 4-24  Flow Duration Curve for Kickapoo SandyCreek

0K310810010050_00

1.0E+03 1
1.0E+02 -

1.0E+01 -

Flow (cfs)

1.0E+00 -

1.0E-01 -

o
=
o
N
o
w
o
N
o
wv
o
[e)]
o
~
o
[
o
o
o
=
o
o

0
NOTE: AU:2859:07328550,A;-CN,-R Flow Exceedance Frequency (%)

Figure 4-25 Flow Duration Curve for Washita River & SH 19, Pauls Valley
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Figure 4-26 Flow Duration Curve for Sand Branch

0K310800020040_00
1.0E+03 3
1.0E+02 -
_ 1.0E+01 -
ﬁ ]
3
K]
* 1.0e+00 -
1.0E-01 -
1.0E-02 e e e e e e e e e e e
0 10 20 30 40 50 60 70 80 90 100
NOTEAU:2859:07328550,A;-CN,-R Flow Exceedance Frequency (%)
Figure 4-27 Flow Duration Curve for Washita River & US 177
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4.4  Estimating Existing Loading

A key step in the use of LDCs for TMDL developmestthe estimation of existing

instream loads. This is accomplished by:

4-19
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* matching the water quality observations with tleevfldata from the same date;

» converting measured concentration values to logdsilitiplying the flow at the time
the sample was collected by the water quality patamconcentration (for sampling
events with both TSS and turbidity data, the meabsurSS value is used; if only
turbidity was measured, the value was convertefiS8 using the regression equations
described); or multiplying the flow by the bactemalicator concentration to calculate
daily loads.

45 Development of TMDLs Using Load Duration Curves

The final step in the TMDL calculation process iwas a group of additional
computations derived from the preparation of LDCBEhese computations are necessary to
derive a PRG (which is one method of presenting hmweh pollutant loads must be reduced to
meet WQSs in the impaired watershed).

Step 1. Generate LDCs. LDCs are similar in appearance to flow durationvesrt
however, for bacteria the ordinate is expresseigrims of a bacteria load in cfu/day, and for
TSS the ordinate is expressed in terms of a lodbsfday. The curve represents the single
sample water quality criterion for fecal colifordd0Q cfu/100 mL)E. coli (406 cfu/100 mL),
or Enterococci (108 cfu/100 mL) expressed in teohs load through multiplication by the
continuum of flows historically observed at theesitFor turbidity, the curve represents the
water quality target for TSS from Table 4-1 expees# terms of a load obtained through
multiplication of the TSS target by the continuudnflows historically observed at the site.
The basic steps to generating an LDC involve:

* obtaining daily flow data for the site of interéstm the USGS;

» sorting the flow data and calculating flow exceemtapercentiles for the time period
and season of interest;

* obtaining the water quality data from the primapntact recreation season (May 1
through September 30); or obtaining available tlithiand TSS water quality data;

» displaying a curve on a plot that represents tHewable load detemined by
multiplying the actual or estimated flow by the WQ@S each respective bacteria
indicator; or displaying a curve on a plot thatresgents the allowable load determined
by multiplying the actual or estimated flow by WM& agetfor TSS;

* matching the water quality observations with thenfldata from the same date and
determining the corresponding exceedance percgntile

» plotting the flow exceedance percentiles and daiyl observations in a load duration
plot (See Section 5).

For bacteria TMDLs the culmination of these stepexpressed in the following formula,
which is displayed on the LDC as the TMDL curve:

TMDL (cfu/day) = WQS * flow (cfs) * unit conversiofiactor

Where: WQS = 400 cfu /200 mL (Fecal coliform); 4@8u/100 mL (E. coli); or 108 cfu/100
mL (Enterococci)

unit conversion factor = 24,465,525 mL*s / ft3*day

J\planning\TMDL\Bact_Turbidity_TMDLs\Washita RiverFT Washita TMDL Report_061610.docx 4' 2 0 F I NA L

August 2010



Washita River Bacteria and Turbidity TMDLs Techhikpproach and Methods

For turbidity (TSS) TMDLs the culmination of theseeps is expressed in the following
formula, which is displayed on the LDC as the TM@lrve:

TMDL (Ib/day) = WQ goal * flow (cfs) * unit conveisn factor

where: WQgoal = waterbody specific TSS concentration derifemim regression analysis
results presented in Table 4-1

unit conversion factor = 5.39377 L*s*Ib /(ftday*mg)

The flow exceedance frequency (x-value of each tpogobtained by looking up the
historical exceedance frequency of the measurextomated flow, in other words, the percent
of historical observations that equal or exceed rtteasured or estimated flow. Historical
observations of bacteria, TSS and/or turbidity emiations are paired with flow data and are
plotted as separate LDCs. The fecal coliform Igadthe y-value of each point) is calculated
by multiplying the fecal coliform concentration {(onies/100 mL) by the instantaneous flow
(cubic feet per second) at the same site and tith, appropriate volumetric and time unit
conversions. Fecal coliforiia/ colVEnterococci loads representing exceedance of watdity
criteria fall above the water quality criteriondin Likewise, the TSS load (or the y-value of
each point) is calculated by multiplying the TSSia@entration (measured or converted from
turbidity) (mg/L) by the instantaneous flow (cfg)the same site and time, with appropriate
volumetric and time unit conversions. TSS loadwrasenting exceedance of water quality
criteria fall above the TMDL line. Regarding ba@edata, it is noted that only those flows and
water quality samples observed in the months camgyithe primary contact recreation season
are used to generate the LDCs. It is inappropriatecompare single sample bacteria
observations and instantaneous or daily flow donstito a 30-day geometric mean water
quality criterion in the LDC.

As noted earlier, runoff has a strong influencdaading of nonpoint pollution. Yet flows
do not always correspond directly to runoff; higgmfs may occur in dry weather and runoff
influence may be observed with low or moderate fow

Step 2: Define MOS. The MOS may be defined explicitly or implicitlyA typical
explicit approach would reserve some specific foactof the TMDL as the MOS. In an
implicit approach, conservative assumptions usedewveloping the TMDL are relied upon to
provide an MOS to assure that WQSs are attainext. bkcteria TMDLs in this report, an
explicit MOS of 10 percent was selected. The 10%Svihas been used in other approved
bacteria TMDLs. For turbidity (TSS) TMDLs an exptiMOS is derived from the NRMSE
established by the turbidity/TSS regression anslysinducted for each waterbody. This
approach for setting an explicit MOS has been usether approved turbidity TMDLSs.

Step 3: Calculate WLA. As previously stated, the pollutant load allogatfor point
sources is defined by the WLA. For bacteria TMRLgoint source can be either a wastewater
(continuous) or stormwater (MS4) discharge. Stoatewpoint sources are typically associated
with urban and industrialized areas, and recent R’ SBuidance includes NPDES-permitted
stormwater discharges as point source dischargbslarefore, part of the WLA. For TMDL
development purposes when addressing turbidity $6,Ta WLA will be established for
wastewater (continuous) discharges in impaired nshégls that do not have a BOD or CBOD
permit limit but do have a TSS limit. These poinuce discharges of inorganic suspended
solids will be assigned a TSS WLA as part of tuitgidiMDLs to ensure WQS can be
maintained. As discussed in Section 3.1 a WLATSE is not necessary for MS4s.
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The LDC approach recognizes that the assimilatagacity of a waterbody depends on the
flow, and that maximum allowable loading will vawith flow condition. TMDLs can be
expressed in terms of maximum allowable concewinati or as different maximum loads
allowable under different flow conditions, rathdrah single maximum load values. For
bacteria TMDLs a concentration-based approach ntheetsequirements of 40 CFR, 130.2(i)
for expressing TMDLs “in terms of mass per timesi¢dy, or other appropriate measures” and
is consistent with USEPA'’s Protocol for DevelopiRgthogen TMDLs (USEPA 2001). For
turbidity (TSS) TMDLs a load-based approach alsetséhe requirements of 40 CFR, 130.2(i)
for expressing TMDLSs “in terms of mass per timeqitdy, or other appropriate measures.”

WLA for WWTP. WLAs may be set to zero in cases of watershetls ma existing or
planned continuous permitted point sources. Faemheds with permitted point sources,
NPDES permit limits are used to derive WLAs. Tlerpitted flow rate used for each point
source discharge and the water quality concentrat&fined in a permit are used to estimate
the WLA for each wastewater facility. In cases veha permitted flow rate is not available for
a WWTP, then the maximum monthly average flow m@aeved from DMRs can be used.
WLA values for each NPDES wastewater dischargertla@a summed to represent the total
WLA for a given watershed. Using this informatioacteria and TSS WLAs can be calculated
using a mass balance approach as shown in thei@wgibelow.

WLA for bacteria:
WLA = WQS * flow * unit conversion factor (#/day)

Where:
WQS = 200 cfu /200 mL (Fecal coliform); 126 cfu/1@0L (E. coli); or 33 cfu/100
mL (Enterococci)

flow (10 gal/day) = permitted flow
unit conversion factor = 37,854,120-igal/day
WLA for TSS:

WLA = WQgoal * flow * unit conversion factor (Ib/day)
Where:

WQgoal is provided in Table 4-1;

flow (10 gal/day) = permitted flow

unit conversion factor = 8.3445 L*Ib/(gal*mg)

WLA for Permitted Stormwater (MS4s). For bacteria TMDLs no specific portion of the
WLA has been allocated for MS4s because there ar®84 jurisdictions fall within the
watersheds requiring TMDLs. In addition, the LD@s not display a specific percentage of
the bacteria load assigned to MS4s. For turbi@¥DLs, WLAs for permitted stormwater
such as MS4s, construction, and multi-sector gérmanits are not calculated since these
discharges occur under high flow conditions whentthrbidity criteria do not apply.

Step 4: Calculate LA. Given the lack of data and the variability ofrstoevents, it is
difficult to quantify discharges that accuratelypmesent projected loadings from nonpoint
sources. However, LAs can be calculated underrdifteflow conditions as the water quality
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target load minus the WLA. The LA is representgdhe area under the LDC but above the
WLA. The LA at any particular flow exceedance adctilated as shown in the equation below.

LA=TMDL — MOS - YWLA

Step 5: Estimate WLA Load Reduction. The WLA load reduction for bacteria was not
calculated as it was assumed that continuous digetsa (NPDES-permitted WWTPS) are
adequately regulated under existing permits toeaehiwvater quality standards at the end-of-
pipe and, therefore, no WLA reduction would be rezpll If there are no MS4s located within
the Study Area requiring a TMDL then there is neddo establish a PRG for permitted
stormwater.

The WLA load reduction for TSS for dischargers with BOD/CBOD limits can be
determined as follows:

If permitted TSS limit is less than TSS target foe receiving stream, there will be no
reductions;

If permitted TSS limit is greater than TSS targmt the receiving stream, the permit limit
will be set at the TSS target.

Step 6: Estimate LA Load Reduction. After existing loading estimates are computed for
each pollutant, nonpoint load reduction estimategfich WQM station are calculated by using
the difference between estimated existing loadimdjthe allowable load expressed by the LDC
(TMDL-MOS). This difference is expressed as theralt PRG for the impaired waterbody.
For fecal coliform the PRG which ensures that naertban 25 percent of the samples exceed
the TMDL based on the instantaneous criteria alescdhe loads in manner that is also
protective of the geometric mean criterion. [Eorcoli and Enterococci, because WQSs are
considered to be met if 1) either the geometricnmafaall data is less than the geometric mean
criteria, or 2) no sample exceeds the instantanegsia, the TMDL PRG will be the lesser of
that required to meet the geometric mean or ingtewus criteria. For turbidity, the PRG is
the load reduction that ensures that no more tliapeicent of the samples under flow-base
conditions exceed the TMDL.
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SECTION 5
TMDL CALCULATIONS

5.1 Estimated Loading and Critical Conditions

USEPA regulations at 40 CFR 130.7(c) (1) requireDIld to take into account critical
conditions for stream flow, loading, and all appbte water quality standards. To accomplish
this, available instream WQM data were evaluateth wéspect to flows and magnitude of
water quality criteria exceedance using LDCs.

Bacteria LDC: To calculate the bacteria load, the flow rate atheflow exceedance
percentile is multiplied by a unit conversion fac{d4,465,525 mLs /¥day) and the criterion
specific to each bacterial indicator. This caltiola produces the maximum bacteria load in
the stream without exceeding the instantaneousiatdnover the range of flow conditions.
The allowable bacteria (fecal coliforrg, coli, or Enterococci) loads at the WQS establish the
TMDL and are plotted versus flow exceedance petleeas a LDC. The x-axis indicates the
flow exceedance percentile, while the y-axis isregped in terms of a bacteria load.

To estimate existing loading, bacteria observatiorsthe primary contact recreation
season (May®ithrough September $pfrom 2002 to 2009 are paired with the flows meadu
or estimated in that waterbody on the same datellutBnt loads are then calculated by
multiplying the measured bacteria concentratiothgyflow rate and the unit conversion factor
of 24,465,756 mLs /¥day. The associated flow exceedance percentile is thatched with
the measured flow from the tables provided in Apjpe. The observed bacteria loads are
then added to the LDC plot as points. These poegeesent individual ambient water quality
samples of bacteria. Points above the LDC inditla¢ebacteria instantaneous standard was
exceeded at the time of sampling. Conversely,tpainder the LDC indicate the sample met
the WQS.

The bacteria LDCs developed for each impaired Wwatdy (representing the primary
contact recreation season from 2002 through 2089)shown in Figures 5-1 through 5-10.
Each waterbody has two LDCs: one for eitkercoli or fecal coliform and a second one for
Enterococci. This is because for the PBCR use teupported, criteria for each bacterial
indicator must be met in each impaired waterbody.

The LDCs for Sandstone Creek are shown in Figwesamd 5-2 forE. coli and
Enterococcus, respectively. They are based oretiagheasurements during primary contact
recreation season at WQM station OK310840-02-00206e LDCs indicate thdE.coli and
Enterococcus levels exceed the instantaneous \gatdity criteria under moderate and low
flow conditions.
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Figure 5-1  Load Duration Curve for E. coli in Sandstone Creek
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Figure 5-2  Load Duration Curve for Enterococci in &ndstone Creek
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The LDCs for Stinking Creek (Figures 5-3 and 5+ based oft. coli and Enterococcus
measurements  during primary contact recreation oseasat WQM station
OK310830-02-0020D. The LDC indicates ttat coli and Enterococcus levels exceed the
instantaneous water quality criteria during alixfloonditions.

Figure 5-3  Load Duration Curve for E.coli in Stinking Creek
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Figure 5-4  Load Duration Curve for Enterococci in Sinking Creek
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Figures 5-5 and 5-6 show tlke coli and Enterococci LDCs for Wildhorse Creek and are
based on measurements during primary contact temmeseason at WQM station OK310810-
04-0140D. The LDC indicates thkt coli levels exceed the water quality target at low and
moderate flows while Enterococcus levels exceediiseantaneous water quality criterion
under all flow conditions.

Figure 5-5  Load Duration Curve for E.coli in Wildhorse Creek
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Figure 5-6  Load Duration Curve for Enterococci in Wildhorse Creek
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TMDL @ahktions

The LDCs for Washita River at SH 19, near Alex (Fagp 5-7 and 5-8) are based on fecal
coliform and Enterococcus measurements during pyirnantact recreation season at WQM
station 310810020010-001AT. The LDC indicates tbath indicator levels exceed the
instantaneous water quality criteria under a walege of hydrologic conditions, indicative of

loading from both point and nonpoint sources. WA for the City of Lindsay WWTP is

shown in both LDCs.

Figure 5-7  Load Duration Curve for Fecal Coliform in Washita River at SH 19,

near Alex
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Figure 5-8  Load Duration Curve for Enterococci in Washita River at SH 19, near Alex
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The LDCs for Kickapoo Sandy Creek (Figures 5-9 &ntD) are based oB. coli and
Enterococcus bacteria measurements collected dymimgary contact recreation season at
WQM station OK310810-01-0050G. The LDC indicatesttboth indicator levels exceed the
instantaneous water quality criteria under higtwfloonditions.
samples were collected under high-flow conditionkycan indication of bacteria loading from

nonpoint sources under wet weather conditions.

Figure 5-9  Load Duration Curve for E.coli in Kickapoo Sandy Creek

0K310810010050_00
1.0E+04 -
=== Allowable load (TMDL-MOS)
B EC Observations
= A EC Observations-censored
3 1.0E+03 -
2 E
o
=
°
©
S
= 1.0E+02 -
= ]
o
E
wi
1.0E+01 1
1.0E+00
0 10 20 30 40 50 60 70 80 90 100
Flow Exceedance Frequency (%)
Figure 5-10 Load Duration Curve for Enterococci inKickapoo Sandy Creek
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TSS LDC: To calculate the TSS load at the WQ target, tlosv flate at each flow
exceedance percentile is multiplied by a unit cesiea factor 5.39377 L*s*lb /ff/day/mg
and the TSS target (TSS goal minus margin of spfetyeach waterbody. This calculation
produces the maximum TSS load in the waterbodywiihtesult in attainment of the 50 NTU
target for turbidity. The allowable TSS loadsla tWQS establish the TMDL and are plotted
versus flow exceedance percentile as a LDC. Tlix-indicates the flow exceedance
percentile, while the y-axis is expressed in teofns TSS load in pounds per day.

To estimate existing loading, TSS and turbidityesiations from 1998 to 2009 are paired
with the flows measured on the same date or peygeictr the waterbody. For sampling events
with both TSS and turbidity data, the measured V&8e is used. For Washita River at SH
19, near Alex (OK310810020010_00), where only ditipiwas measured, all values were
converted to TSS using the regression equationtfer downstream reach (Figure 4-11).
Pollutant loads are then calculated by multiplythg TSS concentration by the flow rate and
the unit conversion factor. The associated floweexlance percentile is then matched with the
flow from the tables provided in Appendix B. Thieserved TSS or converted turbidity loads
are then added to the LDC plot as points. Thesetpoepresent individual ambient water
guality samples of TSS. Points above the LDC iamdiche TSS target was exceeded at the
time of sampling. Conversely, points under the LID@icate the sample did not exceed the
TSS target.

Figures 5-11 through Figure 5-24 show the TSS LDdeéseloped for the fourteen
waterbodies addressed in this TMDL report. Datatha figures indicate that for most
waterbodies, TSS levels exceed the water qualiyetaduring all flow conditions, indicating
water quality impairments due to nonpoint sources @ombination of point and nonpoint
sources. It is noted that the LDC plots includeadander all flow conditions to show the
overall condition of the waterbody. However, thebtdity standard only applies for base-flow
conditions. Thus, when interpreting the LDC toideMDLs for TSS, only the portion of the
graph corresponding to flows above th& 86w exceedance percentile should be used. WLAs
for point sources discharges (continuous) of inoigdSS are shown on a LDC as a horizontal
line which represents the sum of all WLAs for T&&iigiven watershed.
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Figure 5-11 Load Duration Curve for Total Suspendedsolids in Sandstone Creek
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Figure 5-12 Load Duration Curve for Total Suspendedsolids in Washita River at

Site #384
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Figure 5-13 Load Duration Curve for Total Suspendedsolids in Washita River at

SH 33, McLure
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Figure 5-14 Load Duration Curve for Total Suspendedsolids in Washita River at

SH 152, Cordell
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Figure 5-15 Load Duration Curve for Total Suspendedsolids in Rainy Mountain Creek
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Figure 5-16 Load Duration Curve for Total Suspendedsolids in Stinking Creek
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Figure 5-17 Load Duration Curve for Total Suspendedsolids in Washita River at

US 281, Anadarko
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Figure 5-18 Load Duration Curve for Total Suspendedsolids in Wildhorse Creek
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Figure 5-19 Load Duration Curve for Total Suspendedsolids in Washita River at

SH 19, near Alex

0K310810020010_00
1.0E+08
1.0E+07 A
A
3 1.0E+06 A A
2 A A A A
2
= 1.0E+05 A
'§ A A A £~ A
- A a
1.0E+04 A
= * A N A A 42T
8 Allowable load (TMDL-MOS) A A8
v 1.0E+03
ad B Measured
1.0E+02 A Converted from turbidity
- = =WLA
10E40]l = = = m = = —m —m c e = d O O O O D D D C D - s C m e e e e e e e e e e = -
1.0E+00
1.0E-01 - T T T T T T T 1
0 10 20 30 40 50 60 70 80 90 100
Flow Exceedance Frequency (%)
Figure 5-20 Load Duration Curve for Total Suspendedsolids in Washington Creek
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Figure 5-21 Load Duration Curve for Total Suspendedsolids in Kickapoo Sandy Creek
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Figure 5-22

Load Duration Curve for Total Suspendedsolids in Washita River at
SH 19, Pauls Valley
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Figure 5-23 Load Duration Curve for Total Suspendedsolids in Sand Branch
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Figure 5-24 Load Duration Curve for Total Suspendedsolids in Washita River at
US 177, Durwood
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Establishing Percent Reduction Goals: The LDC approach recognizes that the
assimilative capacity of a waterbody depends orfltivg and that maximum allowable loading
varies with flow condition. Existing loading andald reductions required to meet the TMDL
water quality target can also be calculated undfiéerdnt flow conditions. The difference
between existing loading and the water qualityearg used to calculate the loading reductions
required. Percent reduction goals are calculdiszligh an iterative process of taking a series
of percent reduction values applying each valudoumily between the concentrations of
samples and verifying that no more than a fixedgmrof the samples exceed the water quality
target concentration. PRG are calculated for eaafenshed and bacterial indicator species as
the reductions in load required so no instantanaa@isr quality observations would exceed the
water quality target foE. coli and Enterococci and no more than 25 percent ot#meples
exceed the water quality target for fecal coliforrihis is because for the PBCR use to be
supported, criteria for each bacterial indicatorsmbe met in each impaired waterbody.
Table 5-1 presents the percent reductions necefsagach bacterial indicator in each of the
impaired waterbodies in the Study Area. The PRLBge from 41 to 97 percent.

Table 5-1 TMDL Percent Reductions Required to MeeWater Quality Standards for
Indicator Bacteria

Required Reduction Rate
Waterbody ID Waterbody Name 7 29 ENT
Instant- | Instant- Geo- Instant- Geo-
aneous aneous mean aneous mean
0OK310840020020_00 |Sandstone Creek 86% | 41% 99% 85%
0OK310830020020_00 | Stinking Creek 64% | 47% 91% 86%
0OK310810040140 00 |Wildhorse Creek 78% 70% 98% 93%
0OK310810020010_00 |Washita River at SH 19, near Alex | 82% 99% 86%
0OK310810010050_00 |Kickapoo Sandy Creek 64% 67% 91% 89%

Similarly, percent reduction goals for TSS are ghted as the required overall reduction
so that no more than 10 percent of the samplesedxttee water quality target for TSS. The
PRGs for the fourteen waterbodies included in TMDL report are summarized in Table 5-2
and range from 29 to 96 percent.
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Table 5-2 TMDL Percent Reductions Required to MeeWater Quality Targets for
Total Suspended Solids

Required
Waterbody ID Waterbody Name Reducciion Rate
0OK310840020020 00 |Sandstone Creek 56%
0OK310840020010 00 |Washita River at Site #384 29%
0OK310840010010 00 |Washita River at SH 33, McLure 74%
0OK310830030010 00 |Washita River at SH 152, Cordell 73%
0OK310830020060 10 |Rainy Mountain Creek 96%
0OK310830020020 00 | Stinking Creek 50%
0OK310830010010 00 |Washita River at US 281, Anadarko 58%
0K310810040140 00 |Wildhorse Creek 51%
0OK310810020010 00 |Washita River at SH 19, near Alex 77%
0OK310810010190 00 |Washington Creek 93%
0OK310810010050_00 |Kickapoo Sandy Creek 64%
0OK310810010010 10 |Washita River at SH 19, Pauls Valley 83%
0OK310800020040_00 |Sand Branch 66%
0OK310800020010 00 |Washita River at US 177, Durwood 85%

5.2 Wasteload Allocation

5.2.1 Indicator Bacteria

For bacteria TMDLs, NPDES-permitted facilities ae#located a daily wasteload
calculated as their permitted flow rate multipliegthe instream geometric mean water quality
criterion. In other words, the facilities are reqd to meet instream criteria in their discharge.
Table 5-3 summarizes the WLA for the NPDES-perdittgcilities within the Washita River
Study Area. The WLA for each facility dischargitm a bacteria-impaired reach is derived
from the following equation:

WLA = WQS * flow * unit conversion factor (#/day)

Where:

WQS = 33, 200, and 126 cfu/100 mL for Enterocodeizal coliform, and E. coli respectively
flow (10° gal/day) = permitted flow

unit conversion factor = 37,854,120-§ghllday

When multiple NPDES facilities occur within a watleed, individual WLAs are summed
and the total WLA for continuous point sourcesnsluded in the TMDL calculation for the
corresponding waterbody. When there are no NPDE®TWs discharging into the
contributing watershed of a WQM station, then theAAN's zero. Compliance with the WLA
will be achieved by adhering to the fecal colifotirmits and disinfection requirements of
NPDES permits. Table 5-3 indicates which point seutischargers within Oklahoma currently
have a disinfection requirement in their permit.rt@e facilities that utilize lagoons for
treatment have not been required to provide distitie since storage time and exposure to
ultraviolet radiation from sunlight should reducacteria levels. In the future, all point source
dischargers which are assigned a wasteload albwchtit do not currently have a bacteria limit
in their permit will receive a permit limit conssstt with the wasteload allocation as their
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permits are reissued. Regardless of the magnitideeoWLA calculated in these TMDLs,
future new discharges of bacteria or increasedebactoad from existing discharges will be
considered consistent with the TMDL provided thia¢ tNPDES permit requires instream
criteria to be met.

Table 5-3 Bacteria Wasteload Allocations for NPDE$Rermitted Facilities

Dis- Design | Wasteload Allocation (cfu/day)
NPDES infecti
Waterbody ID Permit No Name |Infection | Flow Fecal sl |2 _
. (mgd) el E. Coli nterococci
OKG580021 L?r']té’sgf No 042 | 3.18E+09| - 5.25E+08
0K310810020010_00 : d‘f
OKG830039 g‘i’r?cal‘;irs No 0.079° | 5.98E+08 - 9.87E+07

Permitted stormwater discharges are considered pources; however, there are no areas
designated as MS4s within this Study Area, so thé\\fr MS4 is zero.

5.2.2 Total Suspended Solids

NPDES-permitted facilities discharging inorganic ST@re allocated a daily wasteload
calculated by using the maximum self-reported migralverage flow multiplied by the water
quality target. In other words, the facilities aexjuired to meet instream criteria in their
discharge. If the current monthly TSS limits dgalility are greater than instream TSS criteria,
the new limits equal to instream criteria will bppéed to the facility as their permit is
renewed. Table 5-4 summarizes the WLA for the séVEDES-permitted facilities within the
Washita River Study Area. The WLA for each faygilg derived as follows:

WLA_WWTP = WQ goal * flow * unit conversion factdib/day)

Where:

WQ goal = waterbody-specific water quality goalsasnmarized in Table 4-1
flow (10° gal/day) = maximum monthly average flow

unit conversion factor = 8.3445L*Ib/dal/mg
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Table 5-4 Total Suspended Solids Wasteload Allocats for NPDES-Permitted
Facilities
Instream DUERIT Wasteload
Waterbody ID TSS Criteria NPDES Name oy Allocation
(mglL) Permit No. Average (Ib/day)
Flow (mgd)
OK310830020060_10 52 OKGY50036 | Dolese Brothers Co.- 0.54 262
Cooperton
Western Farmers
0OK310830010010_00 73 OKO0000639 [Electric Co-Op Anadarkog 0.69 497
Station
OK310810020010_00 34 OK0000124 | ONeok Field Services- | 54 9
Maysville
OK0001295 TPI Petroleum - Valero 036 162
Ardmore Refinery
0K0038857 Semr&";‘éenz'glz L.P- 0.01% 4
0OK310800020010_00 46
OK0044288 |East Jordan Iron Works 0.34 153
OKG950033 Dolese Brothers Co.-Big 3.20 1437
Canyon

2 DMR for this facility only reported no dischargenglitions for the period 2007-2008, so a small fleas assumed for the
WLA

No wasteload allocations are needed for stormwdissthargers in the Study Area. By
definition, any stormwater discharge occurs durpeyiods of rainfall and elevated flow
conditions. Oklahoma’s Water Quality Standards gpebat the criteria for turbidity “apply
only to seasonal base flow conditions” and go orsdayg “Elevated turbidity levels may be
expected during, and for several days after, affuement” [OAC 785:45-5-12(f)(7)]. To
accommodate the potential for future growth in thamtersheds with no WLA for TSS, 1% of
TSS loading is reserved as part of the WLA.

5.2.3 Section 404 permits

No TSS wasteload allocations were set aside fotid@®ed04 permits. The state will use its
Section 401 certification authority to ensure Smttd04 permits protect Oklahoma water
qguality standards and comply with TSS TMDLs in theport. Section 404 permits will be
conditioned to meet one of the following two comatis to be certified by the state:

* Include TSS limits in the permit and establish anitaring requirement to ensure
compliance with turbidity standard and TSS TMDLSs.

* Submit to the ODEQ a BMP turbidity reduction plarhigh should include all
practicable turbidity control techniques. The tdiy reduction plan must be approved
first before a Section 404 permit can be issued.

53 Load Allocation

As discussed in Section 3, nonpoint source bactedding to each waterbody emanate
from a number of different sources. The data amslyand the LDCs demonstrate that
exceedances at the WQM stations are the resultvafiaty of nonpoint source loading. The
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LAs for each waterbody are calculated as the diffee between the TMDL, MOS, and WLA,
as follows:

LA = TMDL — WLA_ WWTP — WLA_growth - MOS

5.4  Seasonal Variability

Federal regulations (40 CFR 8130.7(c)(1)) requhat tTMDLs account for seasonal
variation in watershed conditions and pollutantdiog. The bacteria TMDLs established in
this report adhere to the seasonal applicatioh@fdklahoma WQS which limits the PBCR use
to the period of Mayithrough September 80Similarly, the TSS TMDLs established in this
report adhere to the seasonal application of that@kna WQS for turbidity, which applies to
seasonal base flow conditions only. Seasonaltuamiavas also accounted for in these TMDLSs
by using more than 5 years of water quality dathlanusing the longest period of USGS flow
records when estimating flows to develop flow exize®e percentiles.

5.5 Margin of Safety

Federal regulations (40 CFR 8130.7(c)(1)) requivat fTMDLs include an MOS. The
MOS is a conservative measure incorporated intoftMBL equation that accounts for the the
lack of knowledge associated with calculating thewaable pollutant loading to ensure WQSs
are attained. USEPA guidance allows for use ofiotir explicit expressions of the MOS, or
both. When conservative assumptions are usedviel@ment of the TMDL, or conservative
factors are used in the calculations, the MOS igliot. When a specific percentage of the
TMDL is set aside to account for the lack of knadge, then the MOS is considered explicit.

For bacteria TMDLs, an explicit MOS was set at #dcpnt, thus, allowable loads were
calculated using targets that are 10 percent IaWwan the water quality criterion for each
pathogen, which equates to 360 cfu/100 mL, 3654160 mL, and 97.2/100 mL for fecal
coliform, E. coli, and Enterococgcrespectively. This conservative approach to distahg the
MOS will ensure that both the 30-day geometric memash instantaneous bacteria standards can
be achieved and maintained.

For turbidity, the TMDLs are calculated for TSSteed of turbidity. Thus, the quality of
the regression has a direct impact on confidencthe@fTMDL calculations. The better the
regression is, the more confidence there is inTtREDL targets. As a result, it leads to a
smaller margin of safety. The selection of MO®ased on the NRMSE for each waterbody.
The explicit MOS ranges from 10 percent to 25 petrcelable 5-5 shows the MOS for each
waterbody.

Table 5-5 Explicit Margin of Safety for Total Susp@&ded Solids TMDLs

Waterbody ID Waterbody Name NRMSE Mg;%gt]ym
0OK310840020020_00 | Sandstone Creek 8.8% 10%
0OK310840020010_00 | Washita River at Site #384 19.4% 20%
OK310840010010_00 | Washita River at SH 33, McLure 10.5% 15%
OK310830030010_00 | Washita River at SH 152, Cordell 12.5% 15%
OK310830020060_10 | Rainy Mountain Creek 7.5% 10%
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Waterbody ID Waterbody Name NRMSE Mg;%g:ym
OK310830020020_00 | Stinking Creek 7.5% 10%
OK310830010010_00 | Washita River at US 281, Anadarko 15.5% 15%
0OK310810040140 00 | Wildhorse Creek 6.0% 10%
OK310810020010_00 | Washita River at SH 19, near Alex 14.9% 15%
OK310810010190_00 | Washington Creek 24.8% 25%
OK310810010050_00 | Kickapoo Sandy Creek 7.3% 10%
OK310810010010_10 | Washita River at SH 19, Pauls Valley 13.2% 15%
0OK310800020040_00 | Sand Branch 23.1% 2504
OK310800020010_00 | Washita River at US 177, Durwood 15.0% 15%
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The explicit MOS is applied by reducing the wataality target of TSS by the percentage
of the MOS. For example, the water quality targeTSS for Kickapoo Sandy Creek is 60
mg/L and the MOS is 10%. The resulting water dquadirget will be 54 mg/L (68 (1 - 0.1) =
54). This target will be used to calculate theuabn rate for TSS.

5.6 TMDL Calculations

The TMDLs for the 303(d)-listed waterbodies covenmedhis report were derived using
LDCs. A TMDL is expressed as the sum of all WLA®I(t source loads), LAs (nonpoint
source loads), and an appropriate MOS, which atiengpaccount for the lack of knowledge
concerning the relationship between effluent litnitas and water quality.

This definition can be expressed by the followiggation:
TMDL = X WLA +X LA + MOS

The TMDL represents a continuum of desired loadr @aleflow conditions, rather than
fixed at a single value, because loading capadties as a function of the flow present in the
stream. The higher the flow is, the more wastelibedstream can handle without violating
water quality standards. Regardless of the magmitaf the WLA calculated in these TMDLS,
future new discharges or increased load from exjstischarges will be considered consistent
with the TMDL provided the NPDES permit requirestieam criteria to be met.

The TMDL, WLA, LA, and MOS will vary with flow condion, and are calculated at
every %' flow interval percentile. Tables 5-6 through 5-&§6mmarize the allocations for
indicator bacteria and Tables 5-16 to 5-29 preenallocations for total suspended solids.
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Table 5-6  E. coli TMDL Calculations for Sandstone Creek
(OK310840020020_00)

percentile | (o) gy | chudegy | cruiday | (cfuiday)
2,918 2.90E+13 0 2.61E+13 2.90E+12
55 5.49E+11 0 4.94E+11 5.49E+10
10 30 2.94E+11 0 2.64E+11 2.94E+10
15 24 2.40E+11 0 2.16E+11 2.40E+10
20 22 2.16E+11 0 1.95E+11 2.16E+10
25 19 1.93E+11 0 1.74E+11 1.93E+10
30 17 1.70E+11 0 1.53E+11 1.70E+10
35 16 1.62E+11 0 1.46E+11 1.62E+10
40 15 1.47E+11 0 1.32E+11 1.47E+10
45 13 1.31E+11 0 1.18E+11 1.31E+10
50 12 1.24E+11 0 1.11E+11 1.24E+10
55 11 1.08E+11 0 9.74E+10 1.08E+10
60 10 1.00E+11 0 9.04E+10 1.00E+10
65 9 9.28E+10 0 8.35E+10 9.28E+09
70 9 8.50E+10 0 7.65E+10 8.50E+09
75 8 7.58E+10 0 6.82E+10 7.58E+09
80 7 6.65E+10 0 5.98E+10 6.65E+09
85 6 5.57E+10 0 5.01E+10 5.57E+09
90 4 4.17E+10 0 3.76E+10 4.17E+09
95 3 2.86E+10 0 2.57E+10 2.86E+09

100 0 0 0 0 0
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Table 5-7 Enterococci TMDL Calculations for Sandstae Creek
(OK310840020020_00)
percentile | (o) gy | chudegy | cruiday | (cfuiday)
2,918 7.71E+12 0 6.94E+12 7.71E+11
55 1.46E+11 0 1.31E+11 1.46E+10
10 30 7.81E+10 0 7.03E+10 7.81E+09
15 24 6.37E+10 0 5.74E+10 6.37E+09
20 22 5.76E+10 0 5.18E+10 5.76E+09
25 19 5.14E+10 0 4.63E+10 5.14E+09
30 17 4.52E+10 0 4.07E+10 4.52E+09
35 16 4.32E+10 0 3.89E+10 4.32E+09
40 15 3.91E+10 0 3.52E+10 3.91E+09
45 13 3.50E+10 0 3.15E+10 3.50E+09
50 12 3.29E+10 0 2.96E+10 3.29E+09
55 11 2.88E+10 0 2.59E+10 2.88E+09
60 10 2.67E+10 0 2.41E+10 2.67E+09
65 9 2.47E+10 0 2.22E+10 2.47E+09
70 9 2.26E+10 0 2.04E+10 2.26E+09
75 8 2.02E+10 0 1.81E+10 2.02E+09
80 7 1.77E+10 0 1.59E+10 1.77E+09
85 6 1.48E+10 0 1.33E+10 1.48E+09
90 4 1.11E+10 0 9.99E+09 1.11E+09
95 3 7.61E+09 0 6.85E+09 7.61E+08
100 0 0 0 0 0
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Table 5-8 E.coli TMDL Calculations for Stinking Creek
(OK310830020020_00)

percentie | (i cloiany | Groidmy | ctuiday) | (cluday)
0 2,967 2.95E+13 0 2.65E+13 2.95E+12
5 56 5.58E+11 0 5.02E+11 5.58E+10
10 30 2.99E+11 0 2.69E+11 2.99E+10
15 25 2.44E+11 0 2.19E+11 2.44E+10
20 22 2.20E+11 0 1.98E+11 2.20E+10
25 20 1.97E+11 0 1.77E+11 1.97E+10
30 17 1.73E+11 0 1.56E+11 1.73E+10
35 17 1.65E+11 0 1.49E+11 1.65E+10
40 15 1.49E+11 0 1.34E+11 1.49E+10
45 13 1.34E+11 0 1.20E+11 1.34E+10
50 13 1.26E+11 0 1.13E+11 1.26E+10
55 11 1.10E+11 0 9.90E+10 1.10E+10
60 10 1.02E+11 0 9.20E+10 1.02E+10
65 9 9.43E+10 0 8.49E+10 9.43E+09
70 9 8.65E+10 0 7.78E+10 8.65E+09
75 8 7.70E+10 0 6.93E+10 7.70E+09
80 7 6.76E+10 0 6.08E+10 6.76E+09
85 6 5.66E+10 0 5.09E+10 5.66E+09
90 4 4.24E+10 0 3.82E+10 4.24E+09
95 3 2.91E+10 0 2.62E+10 2.91E+09

100 0 0 0 0 0
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Table 5-9 Enterococci TMDL Calculations for Stinking Creek
(OK310830020020_00)
percentie | (o) B ey | ke || @y
0 2,967 7.84E+12 0 7.06E+12 7.84E+11
5 56 1.48E+11 0 1.34E+11 1.48E+10
10 30 7.95E+10 0 7.15E+10 7.95E+09
15 25 6.48E+10 0 5.83E+10 6.48E+09
20 22 5.85E+10 0 5.27E+10 5.85E+09
25 20 5.23E+10 0 4.70E+10 5.23E+09
30 17 4.60E+10 0 4.14E+10 4.60E+09
35 17 4.39E+10 0 3.95E+10 4.39E+09
40 15 3.97E+10 0 3.58E+10 3.97E+09
45 13 3.55E+10 0 3.20E+10 3.55E+09
50 13 3.35E+10 0 3.01E+10 3.35E+09
55 11 2.93E+10 0 2.63E+10 2.93E+09
60 10 2.72E+10 0 2.45E+10 2.72E+09
65 9 2.51E+10 0 2.26E+10 2.51E+09
70 9 2.30E+10 0 2.07E+10 2.30E+09
75 8 2.05E+10 0 1.84E+10 2.05E+09
80 7 1.80E+10 0 1.62E+10 1.80E+09
85 6 1.51E+10 0 1.35E+10 1.51E+09
90 4 1.13E+10 0 1.02E+10 1.13E+09
95 3 7.74E+09 0 6.96E+09 7.74E+08
100 0 0 0 0 0

nnnnn
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Table 5-10 E.coli TMDL Calculations for Wildhorse Creek

(OK310810040140_00)

Percentile | (¢ oromy | culdngy | (ctuiday) | (cfuiday)
0 1,452 1.44E+13 0 1.30E+13 1.44E+12
5 61 6.09E+11 0 5.48E+11 6.09E+10
10 30 3.02E+11 0 2.72E+11 3.02E+10
15 19 1.85E+11 0 1.67E+11 1.85E+10

20 13 1.24E+11 0 1.12E+11 1.24E+10
25 9 9.08E+10 0 8.17E+10 9.08E+09
30 7 6.78E+10 0 6.11E+10 6.78E+09
35 5 5.02E+10 0 4.52E+10 5.02E+09
40 4 3.90E+10 0 3.51E+10 3.90E+09
45 3 3.10E+10 0 2.79E+10 3.10E+09
50 3 2.51E+10 0 2.26E+10 2.51E+09
55 2 1.98E+10 0 1.78E+10 1.98E+09
60 2 1.60E+10 0 1.44E+10 1.60E+09
65 1 1.28E+10 0 1.15E+10 1.28E+09
70 1 1.02E+10 0 9.14E+09 1.02E+09
75 1 7.48E+09 0 6.73E+09 7.48E+08
80 1 5.88E+09 0 5.29E+09 5.88E+08
85 0.4 3.58E+09 0 3.22E+09 3.58E+08
90 0.2 2.08E+09 0 1.88E+09 2.08E+08
95 0.09 9.08E+08 0 8.17E+08 9.08E+07
100 0 0 0 0 0
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Table 5-11  Enterococci TMDL Calculations for Wildhase Creek
(OK310810040140_00)
percentile | (¢ o | @iy | @iy
0 1,452 3.84E+12 0 3.45E+12 3.84E+11
5 61 1.62E+11 0 1.46E+11 1.62E+10
10 30 8.04E+10 0 7.24E+10 8.04E+09
15 19 4.93E+10 0 4.44E+10 4.93E+09
20 13 3.31E+10 0 2.98E+10 3.31E+09
25 9 2.42E+10 0 2.17E+10 2.42E+09
30 7 1.80E+10 0 1.62E+10 1.80E+09
35 5 1.34E+10 0 1.20E+10 1.34E+09
40 4 1.04E+10 0 9.34E+09 1.04E+09
45 3 8.24E+09 0 7.42E+09 8.24E+08
50 3 6.68E+09 0 6.01E+09 6.68E+08
55 2 5.26E+09 0 4.73E+09 5.26E+08
60 2 4.26E+09 0 3.84E+09 4.26E+08
65 1 3.41E+09 0 3.07E+09 3.41E+08
70 1 2.70E+09 0 2.43E+09 2.70E+08
75 1 1.99E+09 0 1.79E+09 1.99E+08
80 1 1.56E+09 0 1.41E+09 1.56E+08
85 0.4 9.52E+08 0 8.57E+08 9.52E+07
90 0.2 5.54E+08 0 4.99E+08 5.54E+07
95 0.09 2.42E+08 0 2.17E+08 2.42E+07
100 0 0 0 0 0
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Table 5-12  Fecal Coliform TMDL Calculations for Wasita River at SH 19, near Alex
(OK310810020010_00)

percentile | (o) B || ke || @y
0 34,479 3.37E+14 3.78E+09 | 3.04E+14 3.37E+13

5 2,927 2.86E+13 3.78E+09 | 2.58E+13 2.86E+12

10 1,687 1.65E+13 3.78E+09 | 1.49E+13 1.65E+12

15 1,191 1.17E+13 3.78E+09 | 1.05E+13 1.17E+12

20 901 8.82E+12 3.78E+09 | 7.93E+12 8.82E+11

25 699 6.84E+12 3.78E+09 | 6.15E+12 6.84E+11

30 567 5.55E+12 3.78E+09 | 4.99E+12 5.55E+11

35 475 4.64E+12 3.78E+09 | 4.18E+12 4.64E+11

40 410 4.01E+12 3.78E+09 | 3.61E+12 4.01E+11

45 359 3.51E+12 3.78E+09 | 3.16E+12 3.51E+11

50 313 3.06E+12 3.78E+09 | 2.75E+12 3.06E+11

55 272 2.66E+12 3.78E+09 | 2.39E+12 2.66E+11

60 232 2.27E+12 3.78E+09 2.04E+12 2.27E+11

65 201 1.97E+12 3.78E+09 | 1.77E+12 1.97E+11

70 172 1.68E+12 3.78E+09 | 1.51E+12 1.68E+11

75 145 1.42E+12 3.78E+09 | 1.27E+12 1.42E+11

80 121 1.18E+12 3.78E+09 | 1.06E+12 1.18E+11

85 100 9.79E+11 3.78E+09 | 8.77E+11 9.79E+10

90 75 7.36E+11 3.78E+09 | 6.59E+11 7.36E+10

95 47 4.61E+11 3.78E+09 | 4.11E+11 4.61E+10
100 0.5 4.89E+09 3.78E+09 | 6.25E+08 4.89E+08
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Washita River Bacteria and Turbidity TMDLs

TMDL @ahktions

Table 5-13  Enterococci TMDL Calculations for Washia River at SH 19, near Alex
(OK310810020010_00)

percentile | (o) B || ke || @y
0 34,479 9.11E+13 6.24E+08 | 8.20E+13 9.11E+12

5 2,927 7.73E+12 6.24E+08 | 6.96E+12 7.73E+11

10 1,687 4.46E+12 6.24E+08 | 4.01E+12 4.46E+11

15 1,191 3.15E+12 6.24E+08 | 2.83E+12 3.15E+11

20 901 2.38E+12 6.24E+08 | 2.14E+12 2.38E+11

25 699 1.85E+12 6.24E+08 | 1.66E+12 1.85E+11

30 567 1.50E+12 6.24E+08 | 1.35E+12 1.50E+11

35 475 1.25E+12 6.24E+08 | 1.13E+12 1.25E+11

40 410 1.08E+12 6.24E+08 | 9.75E+11 1.08E+11

45 359 9.48E+11 6.24E+08 | 8.53E+11 9.48E+10

50 313 8.26E+11 6.24E+08 | 7.43E+11 8.26E+10

55 272 7.19E+11 6.24E+08 | 6.46E+11 7.19E+10

60 232 6.12E+11 6.24E+08 | 5.50E+11 6.12E+10

65 201 5.31E+11 6.24E+08 | 4.77E+11 5.31E+10

70 172 4.54E+11 6.24E+08 | 4.08E+11 4.54E+10

75 145 3.82E+11 6.24E+08 | 3.43E+11 3.82E+10

80 121 3.19E+11 6.24E+08 | 2.86E+11 3.19E+10

85 100 2.64E+11 6.24E+08 | 2.37E+11 2.64E+10

90 75 1.99E+11 6.24E+08 | 1.78E+11 1.99E+10

95 47 1.25E+11 6.24E+08 | 1.11E+11 1.25E+10
100 0.5 1.32E+09 6.24E+08 | 5.66E+08 1.32E+08
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Washita River Bacteria and Turbidity TMDLs

TMDL @ahktions

Table 5-14 E.coli TMDL Calculations for Kickapoo Sandy Creek

(OK310810010050_00)

Percentile | (¢ oromy | culdngy | (ctuiday) | (cfuiday)
0 404 4.02E+12 0 3.62E+12 4.02E+11
5 49 4.89E+11 0 4.40E+11 4.89E+10
10 24 2.34E+11 0 2.10E+11 2.34E+10
15 14 1.42E+11 0 1.28E+11 1.42E+10
20 11 1.06E+11 0 9.56E+10 1.06E+10
25 8 8.08E+10 0 7.27E+10 8.08E+09
30 6 5.95E+10 0 5.36E+10 5.95E+09
35 5 4.89E+10 0 4.40E+10 4.89E+09
40 4 3.61E+10 0 3.25E+10 3.61E+09
45 3 2.76E+10 0 2.49E+10 2.76E+09
50 2.1 2.13E+10 0 1.91E+10 2.13E+09
55 19 1.91E+10 0 1.72E+10 1.91E+09
60 1.7 1.70E+10 0 1.53E+10 1.70E+09
65 1.3 1.28E+10 0 1.15E+10 1.28E+09
70 0.9 8.50E+09 0 7.65E+09 8.50E+08
75 0.8 7.86E+09 0 7.08E+09 7.86E+08
80 0.5 4.89E+09 0 4.40E+09 4.89E+08
85 0.4 3.83E+09 0 3.44E+09 3.83E+08
90 0.3 2.55E+09 0 2.30E+09 2.55E+08
95 0.1 1.49E+09 0 1.34E+09 1.49E+08

100 0 0 0 0 0

nnnnn
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Washita River Bacteria and Turbidity TMDLs

TMDL @ahktions

Table 5-15  Enterococci TMDL Calculations for Kickapoo Sandy Creek
(OK310810010050_00)
percentile | (¢ cloiany | Gholdmy | ctuiday) | (cluday)
0 404 1.07E+12 0 9.62E+11 1.07E+11
5 49 1.30E+11 0 1.17E+11 1.30E+10
10 24 6.22E+10 0 5.60E+10 6.22E+09
15 14 3.79E+10 0 3.41E+10 3.79E+09
20 11 2.83E+10 0 2.54E+10 2.83E+09
25 8 2.15E+10 0 1.93E+10 2.15E+09
30 6 1.58E+10 0 1.42E+10 1.58E+09
35 5 1.30E+10 0 1.17E+10 1.30E+09
40 4 9.61E+09 0 8.65E+09 9.61E+08
45 3 7.35E+09 0 6.61E+09 7.35E+08
50 2.1 5.65E+09 0 5.09E+09 5.65E+08
55 1.9 5.09E+09 0 4.58E+09 5.09E+08
60 1.7 4.52E+09 0 4.07E+09 4.52E+08
65 1.3 3.39E+09 0 3.05E+09 3.39E+08
70 0.9 2.26E+09 0 2.04E+09 2.26E+08
75 0.8 2.09E+09 0 1.88E+09 2.09E+08
80 0.5 1.30E+09 0 1.17E+09 1.30E+08
85 0.4 1.02E+09 0 9.16E+08 1.02E+08
90 0.3 6.78E+08 0 6.11E+08 6.78E+07
95 0.1 3.96E+08 0 3.56E+08 3.96E+07
100 0 0 0 0 0

nnnnn
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Washita River Bacteria and Turbidity TMDLSs

TMDL @ahktions

Table 5-16  Total Suspended Solids TMDL Calculationfor Sandstone Creek
(OK310840020020_00)
WLA (Ib/day)
Percentile Flow TMDL Fitore LA MOS
(cfs) (Ib/day) WWTP (Ib/day) (Ib/day)
Growth
0 2,918 NA NA NA NA NA
5 55 NA NA NA NA NA
10 30 NA NA NA NA NA
15 24 NA NA NA NA NA
20 22 NA NA NA NA NA
25 19 6,255 0 63 5,567 625
30 17 5,504 0 55 4,899 550
35 16 5,254 0 53 4,676 525
40 15 4,753 0 48 4,231 475
45 13 4,253 0 43 3,785 425
50 12 4,003 0 40 3,563 400
55 11 3,503 0 35 3,117 350
60 10 3,252 0 33 2,895 325
65 9 3,002 0 30 2,672 300
70 9 2,752 0 28 2,449 275
75 8 2,452 0 25 2,182 245
80 7 2,152 0 22 1,915 215
85 6 1,801 0 18 1,603 180
90 4 1,351 0 14 1,202 135
95 3 926 0 9 824 93
100 0 0 0 0 0 0
NA = Not applicable
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Washita River Bacteria and Turbidity TMDLSs

TMDL @ahktions

Table 5-17  Total Suspended Solids TMDL Calculationfor Washita River at Site #384
(OK310840020010_00)
WLA (Ib/day)
Percentile Flow TMDL Fitore LA MOS
(cfs) (Ib/day) WWTP (Ib/day) (Ib/day)
Growth
0 55,907 NA NA NA NA NA
5 658 NA NA NA NA NA
10 404 NA NA NA NA NA
15 317 NA NA NA NA NA
20 246 NA NA NA NA NA
25 206 61,499 0 615 48,584 12,300
30 167 49,672 0 497 39,241 9,934
35 143 42,576 0 426 33,635 8,515
40 119 35,480 0 355 28,029 7,096
45 95 28,384 0 284 22,424 5,677
50 71 21,288 0 213 16,818 4,258
55 52 15,611 0 156 12,333 3,122
60 36 10,644 0 106 8,409 2,129
65 23 6,860 0 69 5,419 1,372
70 12 3,548 0 35 2,803 710
75 2 473 0 5 374 95
80 0 0 0 0 0 0
85 0 0 0 0 0 0
90 0 0 0 0 0 0
95 0 0 0 0 0 0
100 0 0 0 0 0 0
NA = Not applicable
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Washita River Bacteria and Turbidity TMDLSs

TMDL @ahktions

Table 5-18 Total Suspended Solids TMDL Calculationfor Washita River at SH 33,
McLure (OK310840010010_00)
WLA (Ib/day)
Percentile Flow TMDL Fitore LA MOS
(cfs) (Ib/day) WWTP (Ib/day) (Ib/day)
Growth
0 10,766 NA NA NA NA NA
5 618 NA NA NA NA NA
10 345 NA NA NA NA NA
15 248 NA NA NA NA NA
20 191 NA NA NA NA NA
25 161 76,534 0 765 64,288 11,480
30 134 63,582 0 636 53,409 9,537
35 114 54,162 0 542 45,496 8,124
40 94 44,743 0 447 37,584 6,711
45 77 36,501 0 365 30,661 5,475
50 64 30,614 0 306 25,715 4,592
55 52 24,726 0 247 20,770 3,709
60 42 20,017 0 200 16,814 3,002
65 32 15,307 0 153 12,858 2,296
70 24 11,539 0 115 9,693 1,731
75 17 7,889 0 79 6,627 1,183
80 8 4,003 0 40 3,363 600
85 3 1,295 0 13 1,088 194
90 1 271 0 227 41
95 0 0 0 0 0
100 0 0 0 0 0
NA = Not applicable
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Washita River Bacteria and Turbidity TMDLSs

TMDL @ahktions

Table 5-19  Total Suspended Solids TMDL Calculationfor Washita River at SH 152,
Cordell (OK310830030010_00)
WLA (Ib/day)
Percentile Flow TMDL Fitore LA MOS
(cfs) (Ib/day) WWTP (Ib/day) (Ib/day)
Growth
0 3,748 NA NA NA NA NA
5 153 NA NA NA NA NA
10 83 NA NA NA NA NA
15 56 NA NA NA NA NA
20 39 NA NA NA NA NA
25 29 12,120 0 121 10,181 1,818
30 23 9,491 0 95 7,972 1,424
35 19 7,931 0 79 6,662 1,190
40 16 6,773 0 68 5,689 1,016
45 14 5,971 0 60 5,015 896
50 12 5,169 0 52 4,342 775
55 11 4,500 0 45 3,780 675
60 9 3,877 0 39 3,256 581
65 8 3,342 0 33 2,807 501
70 7 2,852 0 29 2,395 428
75 6 2,451 0 25 2,059 368
80 5 2,094 0 21 1,759 314
85 4 1,693 0 17 1,422 254
90 3 1,292 0 13 1,085 194
95 2 847 0 8 711 127
100 0 0 0 0 0
NA = Not applicable
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Washita River Bacteria and Turbidity TMDLSs

TMDL @ahktions

Table 5-20  Total Suspended Solids TMDL Calculationfor Rainy Mountain Creek
(OK310830020060_10)
WLA (Ib/day)
Percentile Flow TMDL Fitore LA MOS
(cfs) (Ib/day) WWTP (Ib/day) (Ib/day)
Growth

0 5,884 NA NA NA NA NA

5 111 NA NA NA NA NA

10 60 NA NA NA NA NA

15 49 NA NA NA NA NA

20 44 NA NA NA NA NA
25 39 12,314 262 123 10,697 1,231
30 35 10,837 262 108 9,382 1,084
35 33 10,344 262 103 8,944 1,034

40 30 9,359 262 94 8,067 936

45 27 8,374 262 84 7,190 837

50 25 7,881 262 79 6,752 788

55 22 6,896 262 69 5,875 690

60 20 6,403 262 64 5,437 640

65 19 5,911 262 59 4,998 591

70 17 5,418 262 54 4,560 542

75 15 4,827 262 48 4,034 483

80 13 4,236 262 42 3,508 424

85 11 3,546 262 35 2,894 355

90 2,660 262 27 2,105 266

95 1,823 262 18 1,360 182

100 314 262 3 17 31

NA = Not applicable
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Washita River Bacteria and Turbidity TMDLSs

TMDL @ahktions

Table 5-21  Total Suspended Solids TMDL Calculationfor Stinking Creek
(OK310830020020_00)
WLA (Ib/day)
Percentile Flow TMDL Fitore LA MOS
(cfs) (Ib/day) WWTP (Ib/day) (Ib/day)
Growth

0 2,967 NA NA NA NA NA

5 56 NA NA NA NA NA

10 30 NA NA NA NA NA

15 25 NA NA NA NA NA

20 22 NA NA NA NA NA

25 20 4,386 0 44 3,903 439

30 17 3,859 0 39 3,435 386

35 17 3,684 0 37 3,279 368

40 15 3,333 0 33 2,966 333

45 13 2,982 0 30 2,654 298

50 13 2,807 0 28 2,498 281

55 11 2,456 0 25 2,186 246

60 10 2,281 0 23 2,030 228

65 9 2,105 0 21 1,874 211

70 9 1,930 0 19 1,717 193

75 8 1,719 0 17 1,530 172

80 7 1,509 0 15 1,343 151

85 6 1,263 0 13 1,124 126

90 4 947 0 843 95

95 3 649 0 578 65

100 0 0 0 0 0

NA = Not applicable
oML Back Turity THOLSWashia RWBFT Washia DL Repor 061610 5-37 FINAL

August 2010



Washita River Bacteria and Turbidity TMDLSs

TMDL @ahktions

Table 5-22  Total Suspended Solids TMDL Calculationfor Washita River at US 281,
Anadarko (OK310830010010_00)
WLA (Ib/day)
Percentile Flow TMDL Fitore LA MOS
(cfs) (Ib/day) WWTP (Ib/day) (Ib/day)
Growth
0 49,588 NA NA NA NA NA
5 2,552 NA NA NA NA NA
10 1,486 NA NA NA NA NA
15 1,048 NA NA NA NA NA
20 781 NA NA NA NA NA
25 591 274,908 497 2,749 230,426 41,236
30 466 216,742 497 2,167 181,567 32,511
35 388 180,619 497 1,806 151,223 27,093
40 333 154,904 497 1,549 129,622 23,236
45 289 134,699 497 1,347 112,650 20,205
50 255 118,780 497 1,188 99,278 17,817
55 224 104,085 497 1,041 86,935 15,613
60 197 91,840 497 918 76,649 13,776
65 176 82,044 497 820 68,420 12,307
70 154 71,635 497 716 59,677 10,745
75 138 64,288 497 643 53,505 9,643
80 120 55,716 497 557 46,305 8,357
85 99 45,920 497 459 38,076 6,888
90 80 37,348 497 373 30,876 5,602
95 58 26,940 497 269 22,132 4,041
100 1 605 497 5 12 91
NA = Not applicable
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Washita River Bacteria and Turbidity TMDLSs

TMDL @ahktions

Table 5-23  Total Suspended Solids TMDL Calculationor Wildhorse Creek
(OK310810040140_00)
WLA (Ib/day)
Percentile Flow TMDL Fitore LA MOS
(cfs) (Ib/day) WWTP (Ib/day) (Ib/day)
Growth
0 1,452 NA NA NA NA NA
5 61 NA NA NA NA NA
10 30 NA NA NA NA NA
15 19 NA NA NA NA NA
20 13 NA NA NA NA NA
25 9 3,122 0 31 2,778 312
30 7 2,332 0 23 2,076 233
35 5 1,726 0 17 1,536 173
40 4 1,340 0 13 1,193 134
45 3 1,065 0 11 948 107
50 2.5 863 0 9 768 86
55 2.0 679 0 7 605 68
60 1.6 551 0 6 490 55
65 1.3 441 0 4 392 44
70 1.0 349 0 3 311 35
75 0.8 257 0 3 229 26
80 0.6 202 0 2 180 20
85 0.4 123 0 1 109 12
90 0.2 72 0 1 64 7
95 0.1 31 0 0 28 3
100 0 0 0 0 0 0
NA = Not applicable
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Washita River Bacteria and Turbidity TMDLSs

TMDL @ahktions

Table 5-24  Total Suspended Solids TMDL Calculationfor Washita River at SH 19,
near Alex (OK310810020010_00)
WLA (Ib/day)
Percentile Flow TMDL Fitore LA MOS
(cfs) (Ib/day) WWTP (Ib/day) (Ib/day)
Growth
0 34,479 NA NA NA NA NA
5 2,927 NA NA NA NA NA
10 1,687 NA NA NA NA NA
15 1,191 NA NA NA NA NA
20 901 NA NA NA NA NA
25 699 149,232 9 1,492 125,346 22,385
30 567 121,152 9 1,212 101,758 18,173
35 475 101,372 9 1,014 85,143 15,206
40 410 87,596 9 876 73,572 13,139
45 359 76,647 9 766 64,374 11,497
50 313 66,757 9 668 56,067 10,014
55 272 58,103 9 581 48,798 8,715
60 232 49,450 9 494 41,528 7,417
65 201 42,915 9 429 36,040 6,437
70 172 36,734 9 367 30,847 5,510
75 145 30,906 9 309 25,952 4,636
80 121 25,784 9 258 21,650 3,868
85 100 21,369 9 214 17,941 3,205
90 75 16,071 9 161 13,490 2,411
95 47 10,067 9 101 8,447 1,510
100 0.5 107 9 1 81 16
NA = Not applicable
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Washita River Bacteria and Turbidity TMDLSs

TMDL @ahktions

Table 5-25  Total Suspended Solids TMDL Calculationfor Washington Creek
(OK310810010190_00)
WLA (Ib/day)
Percentile Flow TMDL Fitore LA MOS
(cfs) (Ib/day) WWTP (Ib/day) (Ib/day)
Growth
0 216 NA NA NA NA NA
5 26 NA NA NA NA NA
10 13 NA NA NA NA NA
15 8 NA NA NA NA NA
20 6 NA NA NA NA NA
25 4 793 0 8 587 198
30 3 584 0 6 432 146
35 3 480 0 5 355 120
40 2 355 0 4 263 89
45 1.5 271 0 3 201 68
50 1.1 209 0 2 154 52
55 1.0 188 0 2 139 47
60 0.9 167 0 2 124 42
65 0.7 125 0 1 93 31
70 0.5 83 0 1 62 21
75 0.4 77 0 1 57 19
80 0.3 48 0 0 36 12
85 0.2 38 0 0 28 9
90 0.14 25 0 0 19 6
95 0.08 15 0 0 11 4
100 0 0 0 0 0 0
NA = Not applicable
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Washita River Bacteria and Turbidity TMDLSs

TMDL @ahktions

Table 5-26  Total Suspended Solids TMDL Calculationtor Kickapoo Sandy Creek
(OK310810010050_00)
WLA (Ib/day)
Percentile Flow TMDL Fitore LA MOS
(cfs) (Ib/day) WWTP (Ib/day) (Ib/day)
Growth
0 404 NA NA NA NA NA
5 49 NA NA NA NA NA
10 24 NA NA NA NA NA
15 14 NA NA NA NA NA
20 11 NA NA NA NA NA
25 8 2,627 0 26 2,338 263
30 6 1,936 0 19 1,723 194
35 5 1,590 0 16 1,415 159
40 4 1,175 0 12 1,046 118
45 3 899 0 9 800 90
50 2.1 691 0 7 615 69
55 1.9 622 0 6 554 62
60 1.7 553 0 6 492 55
65 1.3 415 0 4 369 41
70 0.9 277 0 3 246 28
75 0.8 256 0 3 228 26
80 0.5 159 0 2 142 16
85 0.4 124 0 1 111 12
90 0.3 83 0 1 74
95 0.1 48 0 0 43
100 0 0 0 0 0
NA = Not applicable
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Washita River Bacteria and Turbidity TMDLSs

TMDL @ahktions

Table 5-27  Total Suspended Solids TMDL Calculationfor Washita River at SH 19,
Pauls Valley (OK310810010010_10)
WLA (Ib/day)
Percentile Flow TMDL Fitore LA MOS
(cfs) (Ib/day) WWTP (Ib/day) (Ib/day)
Growth
0 48,537 NA NA NA NA NA
5 4,120 NA NA NA NA NA
10 2,374 NA NA NA NA NA
15 1,676 NA NA NA NA NA
20 1,269 NA NA NA NA NA
25 984 210,077 0 2,101 176,464 31,511
30 798 170,547 0 1,705 143,260 25,582
35 668 142,703 0 1,427 119,870 21,405
40 577 123,311 0 1,233 103,581 18,497
45 505 107,897 0 1,079 90,634 16,185
50 440 93,975 0 940 78,939 14,096
55 383 81,793 0 818 68,706 12,269
60 326 69,611 0 696 58,473 10,442
65 283 60,413 0 604 50,747 9,062
70 242 51,711 0 517 43,437 7,757
75 204 43,507 0 435 36,546 6,526
80 170 36,297 0 363 30,490 5,445
85 141 30,082 0 301 25,269 4,512
90 106 22,624 0 226 19,004 3,394
95 66 14,171 0 142 11,904 2,126
100 0 0 0 0 0 0
NA = Not applicable
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Washita River Bacteria and Turbidity TMDLSs

TMDL @ahktions

Table 5-28  Total Suspended Solids TMDL Calculationfor Sand Branch
(OK310800020040_00)
WLA (Ib/day)
Percentile Flow TMDL Fitore LA MOS
(cfs) (Ib/day) WWTP (Ib/day) (Ib/day)
Growth
0 340 NA NA NA NA NA
5 41 NA NA NA NA NA
10 20 NA NA NA NA NA
15 12 NA NA NA NA NA
20 9 NA NA NA NA NA
25 7 2,099 0 21 1,553 525
30 5 1,547 0 15 1,144 387
35 4 1,270 0 13 940 318
40 3 939 0 9 695 235
45 2.3 718 0 7 531 180
50 1.8 552 0 6 409 138
55 1.6 497 0 5 368 124
60 1.4 442 0 4 327 110
65 1.1 331 0 3 245 83
70 0.7 221 0 2 163 55
75 0.7 204 0 2 151 51
80 0.4 127 0 1 94 32
85 0.3 99 0 1 74 25
90 0.2 66 0 1 49 17
95 0.1 39 0 0 29 10
100 0 0 0 0 0 0
NA = Not applicable
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Washita River Bacteria and Turbidity TMDLs TMDL Qalations

Table 5-29  Total Suspended Solids TMDL Calculationfor Washita River at US 177,
Durwood (OK310800020010_00)

WLA (Ib/day)
Percentile Flow TMDL Fitore LA MOS
(cfs) (Ib/day) WWTP (Ib/day) (Ib/day)
Growth
0 94,400 NA NA NA NA NA
5 6,890 NA NA NA NA NA
10 3,990 NA NA NA NA NA
15 2,680 NA NA NA NA NA
20 2,010 NA NA NA NA NA
25 1,540 446,885 1,755 4,469 373,628 67,033
30 1,230 356,928 1,755 3,569 298,064 53,539
35 1,010 293,087 1,755 2,931 244,438 43,963
40 832 241,434 1,755 2,414 201,049 36,215
45 705 204,581 1,755 2,046 170,092 30,687
50 607 176,142 1,755 1,761 146,204 26,421
55 520 150,896 1,755 1,509 124,998 22,634
60 455 132,034 1,755 1,320 109,153 19,805
65 394 114,333 1,755 1,143 94,284 17,150
70 330 95,761 1,755 958 78,684 14,364
75 275 79,801 1,755 798 65,277 11,970
80 232 67,323 1,755 673 54,796 10,098
85 192 55,716 1,755 557 45,046 8,357
90 147 42,657 1,755 427 34,077 6,399
95 87 25,246 1,755 252 19,451 3,787
100 7 2,089 1,755 19 2 313

NA = Not applicable

5.7 Reasonable Assurances

ODEQ will collaborate with a host of other stateages and local governments working
within the boundaries of state and local regulatitm target available funding and technical
assistance to support implementation of pollutiontmls and management measures. Various
water quality management programs and funding esypcovide reasonable assurance that the
pollutant reductions as required by these TMDLs banachieved and water quality can be
restored to maintain designated uses. ODEQ’s @uinty Planning Process (CPP), required by
the CWA 8303(e)(3) and 40 CFR 130.5, summarizesl@kha's commitments and programs
aimed at restoring and protecting water qualitpdighout the State (ODEQ 2006). The CPP
can be viewed from ODEQ’s website attp://www.deq.state.ok.us/WQDnew/pubs.html
Table 5-30 provides a partial list of the statetpar agencies ODEQ will collaborate with to
address point and nonpoint source reduction gat#dbkshed by TMDLSs.
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Table 5-30  Patrtial List of Oklahoma Water Quality Management Agencies

Agency Web Link

Oklahoma Conservation

Commission http://www.ok.gov/conservation/Agency Divisions/\@atQuality Division

Oklahoma Department of

Wildlife Conservation http://www.wildlifedepartment.com/watchabl.htm

Oklahoma Department of
Agriculture, Food, and http://www.ok.gov/~okag/aems

Forestry

Oklahoma Water Resources

Board http://www.owrb.state.ok.us/quality/index.php

Nonpoint source pollution in Oklahoma is managed thg Oklahoma Conservation
Commission. The Oklahoma Conservation Commissiorks with state partners such as
ODAFF and federal partners such as the USEPA aad\#tional Resources Conservation
Service of the U.S Department of Agriculture, talieds water quality problems similar to
those seen in the Study Area. The primary mechemnigsed for management of nonpoint
source pollution are incentive-based programsgbpport the installation of BMPs and public
education and outreach. Other programs includalaggns and permits for CAFOs. The
CAFO Act, as administered by the ODAFF, providesFQAoperators the necessary tools and
information to deal with the manure and wastewatemals produce so streams, lakes, ponds,
and groundwater sources are not polluted.

As authorized by Section 402 of the CWA, the ODE#¥ hilelegation of the NPDES
Program in Oklahoma, except for certain jurisdictibareas related to agriculture and the oll
and gas industry retained by State Department afcAlgure and Oklahoma Corporation
Commission, for which the USEPA has retained peimgitauthority. The NPDES Program in
Oklahoma is implemented via Title 252, Chapter @@&he Oklahoma Pollution Discharge
Elimination System (OPDES) Act and in accordancthwhe agreement between ODEQ and
USEPA relating to administration and enforcementtioé delegated NPDES Program.
Implementation of point source WLAs is done throuyggrmits issued under the OPDES
program.

The reduction rates called for in this TMDL reparée as high as 96 percent. The ODEQ
recognizes that achieving such high reductionshdlh challenge, especially since unregulated
nonpoint sources are a major cause of both baaadarSS loading. The high reduction rates
are not uncommon for pathogen- or TSS-impaired mgatéSimilar reduction rates are often
found in other pathogen and TSS TMDLs around th&gmna The suitability of the current
criteria for pathogens and the beneficial useswéaterbody should be reviewed. For example,
the Kansas Department of Environmental Quality pragposed to exclude certain high flow
conditions during which pathogen standards will apply, although that exclusion was not
approved by the USEPA. Additionally, USEPA has beemducting new epidemiology studies
and may develop new recommendations for pathogtariarin the near future.

Revisions to the current pathogen provisions ofa@&ma’s WQSs should be considered.
There are three basic approaches to such revitahsnay apply.

J\planning\TMDL\Bact_Turbidity_TMDLs\Washita RiverFT Washita TMDL Report_061610.docx 5 '4 6 F I NA L

August 2010



Washita River Bacteria and Turbidity TMDLs TMDL Qalations

Removing the PBCR use: This revision would reqdweumentation in a Use Attainability
Analysis that the use is not an existing use amh@iabe attained. It is unlikely that

this approach would be successful since thereigenee that people do swim in this

segment of the river, thus constituting an existugp. EXxisting uses cannot be
removed.

Modifying application of the existing criteria: Bhapproach would include considerations
such as an exemption under certain high flow camtit an allowance for wildlife or
“natural conditions,” a sub-category of the useother special provision for urban
areas, or other special provisions for storm flov#énce large bacteria violations occur
over all flow ranges, it is likely that large redionis would still be necessary. However,
this approach may have merit and should be coresdder

Revising the existing numeric criteria: Oklahometsrent pathogen criteria are based on
USEPA guidelines (See Implementation Guidance faorbfent Water Quality Criteria
for Bacteria, May 2002 Draft; and Ambient Water @tyaCriteria for Bacteria-1986,
January 1986). However, those guidelines havewedanuch criticism and USEPA
studies that could result in revisions to theiroramendations are ongoing. The use of
the three indicators specified in Oklahoma’s stamslashould be evaluated. The

numeric criteria values should also be evaluaténgus risk-based method such as that
found in USEPA guidance.

Unless or until the WQSs are revised and approyed ®EPA, federal rules require that
the TMDLs in this report must be based on attairnoéthe current standards. If revisions to

the pathogen standards are approved in the fukdlactions specified in these TMDLs will be
re-evaluated.
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SECTION 6
PUBLIC PARTICIPATION

This report was submitted to EPA for technical egwion June 09, 2010 and was
technicaly accepted. A public notice was circdaten July 15, 2010 to local newspapers
and/or other publications in the area affectediiy TMDL and persons on the DEQ contact
list. The public comment period ended on AugustZI,0. No requests for a public meeting
were received. One comment letter from OklahontanFBureau was received. The responses
to comments are included in Appendix E. as pathisf TMDL report.
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APPENDIX A

AMBIENT WATER QUALITY DATA
BACTERIA DATA — 2004 TO 2009
TURBIDITY AND TOTAL SUSPENDED SOLIDS DATA — 1998 TO 2009
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Ambient Water Quality Bacteria Data, 2004-2009

Waterbody ID WQM Station Date' FC? EC? ENT?
0K310840020020_00 | OK310840-02-0020C | 8/23/2004 205 110
0K310840020020_00 | OK310840-02-0020C | 9/27/2004 155 210
0K310840020020_00 | OK310840-02-0020C | 4/25/2005 280 20
0K310840020020_00 | OK310840-02-0020C | 5/31/2005 820 200
OK310840020020_00 | OK310840-02-0020C | 7/12/2005 25 160
OK310840020020_00 | OK310840-02-0020C | 8/15/2005 2600 6500
OK310840020020_00 | OK310840-02-0020C | 9/19/2005 >500 415
OK310840020020_00 | OK310840-02-0020C 5/1/2006 340 75
OK310840020020_00 | OK310840-02-0020C | 6/26/2006 160 140
OK310840020020_00 | OK310840-02-0020C | 5/18/2009 100 50
0K310840020020_00 | OK310840-02-0020C | 6/22/2009 15 95
0K310830020020_00 | OK310830-02-0020D | 8/23/2004 340 320
0K310830020020_00 | OK310830-02-0020D | 10/5/2004 65 230
0K310830020020_00 | OK310830-02-0020D | 11/2/2004 90 435
0K310830020020_00 | OK310830-02-0020D | 4/25/2005 275 85
0K310830020020_00 | OK310830-02-0020D | 5/31/2005 180 280
OK310830020020_00 | OK310830-02-0020D 7/5/2005 >1000 | >1000
OK310830020020_00 | OK310830-02-0020D 8/8/2005 >1000 | >1000
OK310830020020_00 | OK310830-02-0020D | 9/12/2005 95 125
OK310830020020_00 | OK310830-02-0020D 5/2/2006 30 110
OK310830020020_00 | OK310830-02-0020D | 5/30/2006 >1000 410
OK310830020020_00 | OK310830-02-0020D | 7/10/2006 60 50
0K310830020020_00 | OK310830-02-0020D | 5/19/2009 160 140
0K310830020020_00 | OK310830-02-0020D | 6/22/2009 115 45
0K310810040140_00 | OK310810-04-0140D | 8/31/2004 165 185
0K310810040140_00 | OK310810-04-0140D | 10/5/2004 >1000 | >1000
0K310810040140_00 | OK310810-04-0140D | 5/10/2005 >1000 | >500
0K310810040140_00 | OK310810-04-0140D | 6/7/2005 >1000 | 490
OK310810040140_00 | OK310810-04-0140D 7/6/2005 >1000 270
OK310810040140_00 | OK310810-04-0140D 8/8/2005 120 320
OK310810040140_00 | OK310810-04-0140D | 9/12/2005 155 75
OK310810040140_00 | OK310810-04-0140D | 4/25/2006 380 90
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Waterbody ID WQM Station Date’ FC? EC? ENT?
OK310810040140_00 | OK310810-04-0140D 6/5/2006 270 205
OK310810040140_00 | OK310810-04-0140D | 7/10/2006 190 550
OK310810040140_00 | OK310810-04-0140D | 5/26/2009 210 3300
0OK310810040140 00 | OK310810-04-0140D 9/14/2009 1620 >2000
0OK310810020010_00 USGS 07328100 5/5/2004 5000 712 11000
0OK310810020010_00 USGS 07328100 5/19/2004 80 10 100
0OK310810020010_00 USGS 07328100 6/2/2004 700 109 100
0OK310810020010_00 USGS 07328100 6/30/2004 3300 934 2900
0OK310810020010_00 USGS 07328100 7/7/2004 2500 10 3600
0OK310810020010_00 USGS_07328100 7/28/2004 400 41 2700
OK310810020010_00 USGS_07328100 8/11/2004 2610 155 2890
0OK310810020010_00 USGS_07328100 9/1/2004 630 131 318
0OK310810020010_00 USGS_07328100 9/15/2004 40 10 10
0OK310810020010_00 USGS_07328100 9/22/2004 60 10 30
0OK310810020010_00 USGS_07328100 5/3/2006 1400 794 231
0OK310810020010_00 USGS 07328100 5/30/2006 300 41 41
0OK310810020010_00 USGS_ 07328100 6/14/2006 30 31 41
0OK310810020010_00 USGS_ 07328100 6/26/2006 2000 1455 2310
0OK310810020010_00 USGS 07328100 7/12/2006 | 14400 9208 179
0OK310810020010_00 USGS_ 07328100 7/17/2006 50 10 31
0OK310810020010_00 USGS 07328100 8/8/2006 20 10 31
0OK310810020010_00 USGS_07328100 8/14/2006 250 86 97
0OK310810020010_00 USGS_07328100 8/31/2006 100 74 223
OK310810020010_00 USGS_07328100 9/27/2006 10 10 10
OK310810010050_00 | OK310810-01-0050G | 8/24/2004 130 130
OK310810010050_00 | OK310810-01-0050G | 9/27/2004 90 180
OK310810010050_00 | OK310810-01-0050G | 4/25/2005 >500 210
0OK310810010050_00 | OK310810-01-0050G | 5/31/2005 >1000 390
0OK310810010050_00 | OK310810-01-0050G 7/5/2005 >1000 | >1000
0OK310810010050_00 | OK310810-01-0050G 8/8/2005 >1000 270
0OK310810010050_00 | OK310810-01-0050G 9/12/2005 290 100
0OK310810010050_00 | OK310810-01-0050G | 4/24/2006 560 150
0OK310810010050_00 | OK310810-01-0050G | 5/30/2006 315 160
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Appendix A

Waterbody 1D WQM Station Date’ FC? EC? ENT?
OK310810010050_00 | OK310810-01-0050G | 6/26/2006 >1000 | >1000
OK310810010050_00 | OK310810-01-0050G | 5/18/2009 70 170
OK310810010050_00 | OK310810-01-0050G | 6/22/2009 295 450

FC = fecal coliform (STORET Code: 31610); EC = &li (STORET Code: 31609); ENT = enterococci (STOREde:

31649)

> 1000 reported as 1000.001 in data analysis

! Samples collected during secondary contact réoreaeason (October 1st and April 30th) are indilice

Appendix A but were not used in TMDL calculations.

2 Units = counts/100 mL
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Ambient Water Quality Turbidity and TSS Data, 19982009
_ Turbidity TSS Flow
Waterbody ID WQM Station Date (NTU) (mg/L) condition
82079 00530
0OK310800020010_00 | 310800020010-001AT 12/15/1998 99 138
OK310800020010_00 | 310800020010-001AT 2/2/1999 599 484 high flow
0OK310800020010_00 | 310800020010-001AT 3/2/1999 63 51
0OK310800020010_00 | 310800020010-001AT 4/28/1999 1000 1850 high flow
OK310800020010_00 | 310800020010-001AT 6/1/1999 1000 1870 high flow
0OK310800020010_00 | 310800020010-001AT 6/29/1999 1000 676 high flow
0OK310800020010_00 | 310800020010-001AT 7/27/1999 132 56
OK310800020010_00 | 310800020010-001AT 8/31/1999 65 58
0OK310800020010_00 | 310800020010-001AT 9/28/1999 673 28
0OK310800020010_00 | 310800020010-001AT 10/12/1999 29 42
OK310800020010_00 | 310800020010-001AT 11/9/1999 38 51
0OK310800020010_00 | 310800020010-001AT 12/7/1999 587 880
0OK310800020010_00 | 310800020010-001AT 1/19/2000 78 29
OK310800020010_00 | 310800020010-001AT 2/15/2000 101 137
0OK310800020010_00 | 310800020010-001AT 3/15/2000 185
0OK310800020010_00 | 310800020010-001AT 4/12/2000 1000 high flow
OK310800020010_00 | 310800020010-001AT 5/9/2000 1000 2480 high flow
0OK310800020010_00 | 310800020010-001AT 6/13/2000 469 1000 high flow
0OK310800020010_00 | 310800020010-001AT 7/19/2000 157 624
OK310800020010_00 | 310800020010-001AT 8/16/2000 39 46
0OK310800020010_00 | 310800020010-001AT 9/12/2000 27 22
0OK310800020010_00 | 310800020010-001AT 10/10/2000 19 52
OK310800020010_00 | 310800020010-001AT 11/7/2000 795 900 high flow
0OK310800020010_00 | 310800020010-001AT 2/13/2001 466 high flow
0OK310800020010_00 | 310800020010-001AT 3/13/2001 366 high flow
OK310800020010_00 | 310800020010-001AT 4/10/2001 107 high flow
0OK310800020010_00 | 310800020010-001AT 5/15/2001 791 high flow
0OK310800020010_00 | 310800020010-001AT 6/12/2001 1000 high flow
OK310800020010_00 | 310800020010-001AT 7/17/2001 80
0OK310800020010_00 | 310800020010-001AT 8/14/2001 23
0OK310800020010_00 | 310800020010-001AT 9/5/2001 63
OK310800020010_00 | 310800020010-001AT 10/16/2001 188 high flow
0OK310800020010_00 | 310800020010-001AT 11/27/2001 13
0OK310800020010_00 | 310800020010-001AT 2/27/2002 44
OK310800020010_00 | 310800020010-001AT 3/27/2002 57 high flow
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' Turbidity TSS Flow
Waterbody ID WQM Station Date (NTU) (mg/L) -
82079 00530

OK310800020010_00 | 310800020010-001AT 4/24/2002 254 high flow
0OK310800020010_00 | 310800020010-001AT 5/22/2002 98

OK310800020010_00 | 310800020010-001AT 6/18/2002 1000 high flow
OK310800020010_00 | 310800020010-001AT 7/24/2002 52
0OK310800020010_00 | 310800020010-001AT 8/20/2002 73
OK310800020010_00 | 310800020010-001AT 9/24/2002 66
OK310800020010_00 | 310800020010-001AT 11/18/2002 90

0OK310800020010_00 | 310800020010-001AT 1/13/2003 45 high flow

OK310800020010_00 | 310800020010-001AT 3/24/2003 92 high flow
OK310800020010_00 | 310800020010-001AT 4/29/2003 69
0OK310800020010_00 | 310800020010-001AT 6/3/2003 25
OK310800020010_00 | 310800020010-001AT 7/14/2003 41
OK310800020010_00 | 310800020010-001AT 8/18/2003 50
0OK310800020010_00 | 310800020010-001AT 10/21/2003 17
OK310800020010_00 | 310800020010-001AT 11/22/2003 49
OK310800020010_00 | 310800020010-001AT 1/5/2004 11
0OK310800020010_00 | 310800020010-001AT 2/17/2004 13
OK310800020010_00 | 310800020010-001AT 3/31/2004 74

OK310800020010_00 | 310800020010-001AT 4/26/2004 499 high flow

0OK310800020010_00 | 310800020010-001AT 6/8/2004 1000 high flow

OK310800020010_00 | 310800020010-001AT 7/12/2004 1000 high flow
OK310800020010_00 | 310800020010-001AT 8/16/2004 44
0OK310800020010_00 | 310800020010-001AT 9/20/2004 64

OK310800020010_00 | 310800020010-001AT 10/18/2004 1000 high flow

OK310800020010_00 | 310800020010-001AT 1/11/2005 614 high flow

0OK310800020010_00 | 310800020010-001AT 2/16/2005 248 high flow
OK310800020010_00 | 310800020010-001AT 3/15/2005 47
OK310800020010_00 | 310800020010-001AT 5/24/2005 85
0OK310800020010_00 | 310800020010-001AT 7/12/2005 37
OK310800020010_00 | 310800020010-001AT 8/8/2005 54
OK310800020010_00 | 310800020010-001AT 9/6/2005 801
0OK310800020010_00 | 310800020010-001AT 10/18/2005 890
OK310800020010_00 | 310800020010-001AT 11/28/2005 21
OK310800020010_00 | 310800020010-001AT 1/17/2006 18
0OK310800020010_00 | 310800020010-001AT 2/21/2006 41
OK310800020010_00 | 310800020010-001AT 3/27/2006 44
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' Turbidity TSS Flow
Waterbody ID WQM Station Date (NTU) (mg/L) -
82079 00530

OK310800020010_00 | 310800020010-001AT 5/1/2006 1000 high flow
0OK310800020010_00 | 310800020010-001AT 6/5/2006 8
OK310800020010_00 | 310800020010-001AT 7/11/2006 28
OK310800020010_00 | 310800020010-001AT 8/14/2006 34
0OK310800020010_00 | 310800020010-001AT 9/25/2006 430
OK310800020010_00 | 310800020010-001AT 10/30/2006 207
OK310800020010_00 | 310800020010-001AT 1/22/2007 559 high flow
0OK310800020010_00 | 310800020010-001AT 3/5/2007 41
OK310800020010_00 | 310800020010-001AT 5/14/2007 1001 high flow
OK310800020010_00 | 310800020010-001AT 6/11/2007 448 high flow
0OK310800020010_00 | 310800020010-001AT 7/9/2007 1001 high flow
OK310800020010_00 | 310800020010-001AT 8/22/2007 1000 high flow
OK310800020010_00 | 310800020010-001AT 9/17/2007 1000 high flow
0OK310800020040_00 | OK310800-02-0040C 4/19/1999 54 4.5
OK310800020040_00 | OK310800-02-0040C 5/17/1999 95.7 88.5
OK310800020040_00 | OK310800-02-0040C 6/14/1999 5.81 25
0OK310800020040_00 | OK310800020040C 6/29/1999 254
OK310800020040_00 | OK310800-02-0040C 7/12/1999 16.1 10
OK310800020040_00 | OK310800-02-0040C 8/16/1999 46.1 53
0OK310800020040_00 | OK310800-02-0040C 9/27/1999 10.6 10
OK310800020040_00 | OK310800-02-0040C 11/1/1999 12.7 38.5
OK310800020040_00 | OK310800-02-0040C 12/6/1999 29.3 22.2
0OK310800020040_00 | OK310800-02-0040C 1/10/2000 55.7 51
OK310800020040_00 | OK310800-02-0040C 2/14/2000 10 6
OK310800020040_00 | OK310800-02-0040C 3/20/2000 7.49 8.5
0OK310800020040_00 | OK310800-02-0040C 5/1/2000 190 220
OK310800020040_00 | OK310800-02-0040C 6/5/2000 69.1 77
OK310800020040_00 | OK310800-02-0040C 7/10/2000 11.9 4
0OK310800020040_00 | OK310800-02-0040C 10/23/2000 49.9 124
OK310800020040_00 | OK310800-02-0040C 11/27/2000 48.1 37
OK310800020040_00 | OK310800-02-0040C 1/8/2001 22.3 10
0OK310800020040_00 | OK310800-02-0040C 2/12/2001 6.2 1
OK310800020040_00 | OK310800-02-0040C 3/19/2001 6.7 14
OK310810010010_10 | 310810010010-001AT 12/15/1998 148 162
OK310810010010 10 | 310810010010-001AT 2/2/1999 444 256 high flow
OK310810010010_10 | 310810010010-001AT 3/2/1999 75 110
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Washita River Bacteria and Turbidity TMDLSs Appendix A
Turbidity TSS Flow
Waterbody ID WQM Station Date (NTU) (mg/L) -
82079 00530
OK310810010010_10 | 310810010010-001AT | 4/28/1999 1000 2180 | high flow
OK310810010010_10 | 310810010010-001AT |  6/1/1999 1000 2650 | high flow
0K310810010010_10 | OK310810010010- 6/2/1999 0 1 high flow
001AT
OK310810010010_10 | 310810010010-001AT | 6/29/1999 999 608 high flow
OK310810010010_10 | 310810010010-001AT | 7/27/1999 127 60
OK310810010010_10 | 310810010010-001AT | 8/31/1999 67 68
OK310810010010_10 | 310810010010-001AT | 9/28/1999 280 240
OK310810010010_10 | 310810010010-001AT | 10/12/1999 53 32
OK310810010010_10 | 310810010010-001AT | 11/9/1999 51 86
OK310810010010_10 | 310810010010-001AT | 12/7/1999 149 150
OK310810010010_10 | 310810010010-001AT | 1/19/2000 90 147
OK310810010010_10 | 310810010010-001AT | 2/15/2000 85 134
0K310810010010_10 | OK310830010010- 3/14/2000 25
101 0o1AT
OK310810010010_10 | o -3-0830030010- 3/14/2000 350 high flow
OK310810010010_10 | 310810010010-001AT | 3/15/2000 141
OK310810010010_10 | o e5-0830030010- 4/11/2000 172 high flow
OK310810010010_10 | 310810010010-001AT | 4/12/2000 963 high flow
OK310810010010_10 | 310810010010-001AT |  5/9/2000 1000 2540 | high flow
OK310810010010_10 | 310810010010-001AT | 6/12/2000 108 488
OK310810010010_10 | 310810010010-001AT | 7/18/2000 180 448 high flow
OK310810010010_10 | 310810010010-001AT | 8/16/2000 35 58
OK310810010010_10 | 310810010010-001AT | 10/10/2000 17 4
OK310810010010_10 | 310810010010-001AT | 11/7/2000 489 420 high flow
OK310810010010_10 000*13:?830010010' 2/12/2001 793 high flow
OK310810010010_10 | 310810010010-001AT | 2/13/2001 498 high flow
OK310810010010_10 000*13:?830010010' 3/12/2001 163 high flow
OK310810010010_10 | 310810010010-001AT | 3/13/2001 416 high flow
0K310810010010_10 | OK310830010010- 4/9/2001 54 high flow
001AT
OK310810010010_10 | 310810010010-001AT | 4/10/2001 147 high flow
OK310810010010_10 | o e3-0830010010- 5/14/2001 1000 high flow
OK310810010010_10 | 310810010010-001AT | 5/15/2001 903 high flow
OK310810010010_10 | 9X310830010010- 6/11/2001 552 high flow
001AT
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Washita River Bacteria and Turbidity TMDLSs Appendix A

' Turbidity TSS Flow

Waterbody ID WQM Station Date (NTU) (mg/L) -

82079 00530

OK310810010010_10 | 310810010010-001AT | 6/12/2001 1000 high flow
OK310810010010_10 80K13A1$830010010- 7/16/2001 104
OK310810010010_10 | 310810010010-001AT | 7/17/2001 80
0K310810010010_10 000*1323830010010' 8/13/2001 233
OK310810010010_10 | 310810010010-001AT | 8/14/2001 47
OK310810010010_10 000*1%3830010010' 9/4/2001 32
OK310810010010_10 | 310810010010-001AT |  9/5/2001 85
OK310810010010_10 | 310810010010-001AT | 10/16/2001 453
0K310810010010_10 000*1323830010010' 11/26/2001 12
OK310810010010_10 | 310810010010-001AT | 11/27/2001 28
OK310810010010_10 | 310810010010-001AT | 2/27/2002 48
OK310810010010_10 | 310810010010-001AT | 2/27/2002 48
OK310810010010_10 | 310810010010-001AT | 3/27/2002 59

OK310810010010_10 | 310810010010-001AT | 4/24/2002 399 high flow
OK310810010010_10 | 310810010010-001AT | 5/22/2002 56

OK310810010010_10 | 310810010010-001AT | 6/18/2002 1000 high flow
OK310810010010_10 | 310810010010-001AT | 7/24/2002 39
OK310810010010_10 | 310810010010-001AT | 8/20/2002 62
OK310810010010_10 | 310810010010-001AT | 9/23/2002 71
OK310810010010_10 | 310810010010-001AT | 11/18/2002 92
OK310810010010_10 | 310810010010-001AT | 1/13/2003 58
OK310810010010_10 80K13A1$830010010- 1/14/2003 29

OK310810010010_10 | 310810010010-001AT | 3/24/2003 119 high flow
OK310810010010_10 | 310810010010-001AT | 4/29/2003 47
OK310810010010_10 | 310810010010-001AT |  6/3/2003 54
OK310810010010_10 | 310810010010-001AT | 7/14/2003 59
OK310810010010_10 | 310810010010-001AT | 8/18/2003 59
OK310810010010_10 | 310810010010-001AT | 9/22/2003 1000
OK310810010010_10 | 310810010010-001AT | 10/20/2003 27
OK310810010010_10 | 310810010010-001AT | 11/22/2003 23
OK310810010010_10 | 310810010010-001AT | 1/5/2004 14
OK310810010010_10 | 310810010010-001AT | 2/17/2004 18

OK310810010010_10 | 310810010010-001AT | 3/31/2004 108 high flow
OK310810010010_10 | 310810010010-001AT | 4/26/2004 73
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Washita River Bacteria and Turbidity TMDLSs

Appendix A

' Turbidity TSS Flow
Waterbody ID WQM Station Date (NTU) (mg/L) -
82079 00530
OK310810010010_10 | 310810010010-001AT 6/7/2004 1000 high flow
OK310810010010_10 | 310810010010-001AT 7/12/2004 1000 high flow
OK310810010010_10 | 310810010010-001AT 8/16/2004 54
OK310810010010_10 | 310810010010-001AT 9/20/2004 52
OK310810010010_10 | 310810010010-001AT | 10/18/2004 1000 high flow
0OK310810010010_10 OOOKl?Al'I(') 830010010- 11/21/2004 976 high flow
OK310810010010_10 | 310810010010-001AT 1/11/2005 1000 high flow
OK310810010010_10 | 310810010010-001AT 2/16/2005 214 high flow
OK310810010010_10 | 310810010010-001AT 3/15/2005 44
OK310810010010_10 | 310810010010-001AT 5/24/2005 41
OK310810010010_10 | 310810010010-001AT 7/12/2005 65
OK310810010010_10 | 310810010010-001AT 8/8/2005 49
OK310810010010_10 | 310810010010-001AT 9/6/2005 826
OK310810010010_10 | 310810010010-001AT | 10/18/2005 478
OK310810010010_10 | 310810010010-001AT | 11/28/2005 33
OK310810010010_10 | 310810010010-001AT 2/21/2006 57
OK310810010010_10 | 310810010010-001AT 3/27/2006 55
OK310810010010_10 | 310810010010-001AT 5/1/2006 1000 high flow
OK310810010010_10 | 310810010010-001AT 6/5/2006 1000 high flow
OK310810010010_10 | 310810010010-001AT 7/11/2006 53
OK310810010010_10 | 310810010010-001AT 8/14/2006 22
OK310810010010_10 | 310810010010-001AT 9/25/2006 79
OK310810010010_10 | 310810010010-001AT | 10/30/2006 127
OK310810010010_10 | 310810010010-001AT 12/4/2006 20
OK310810010010_10 | 310810010010-001AT 1/22/2007 409
OK310810010010_10 | 310810010010-001AT 1/24/2007 27
OK310810010010_10 | 310810010010-001AT 3/5/2007 52
OK310810010010_10 | 310810010010-001AT 4/2/2007 1560 high flow
OK310810010010_10 | 310810010010-001AT 5/14/2007 1001 high flow
OK310810010010_10 | 310810010010-001AT 6/11/2007 433 high flow
OK310810010010_10 | 310810010010-001AT 7/9/2007 1001 high flow
OK310810010010_10 | 310810010010-001AT 8/22/2007 1000 high flow
OK310810010010_10 | 310810010010-001AT 9/17/2007 793 high flow
OK310810010010_10 | 310810010010-001AT | 10/29/2007 398 high flow
OK310810010010_10 | 310810010010-001AT 12/3/2007 32 high flow
OK310810010010_10 | 310810010010-001AT 1/22/2008 36 high flow
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Washita River Bacteria and Turbidity TMDLSs Appendix A
' Turbidity TSS Flow
Waterbody ID WQM Station Date (NTU) (mg/L) -
82079 00530

OK310810010010_10 | 310810010010-001AT 3/5/2008 1000 high flow
0OK310810010010 10 | 310810010010-001AT 4/29/2008 443 high flow
OK310810010010_10 | 310810010010-001AT 5/19/2008 223 high flow
OK310810010010_10 | 310810010010-001AT 7/21/2008 70.3
OK310810010010 10 | 310810010010-001AT 9/15/2008 41
OK310810010010_10 | 310810010010-001AT 11/5/2008 39
OK310810010010_10 | 310810010010-001AT 2/17/2009 35.67
0OK310810010010 10 | 310810010010-001AT 3/2/2009 16.75
OK310810010010_10 | 310810010010-001AT 4/6/2009 130.3
OK310810010050_00 | OK310810-01-0050G 6/28/2004 17.2
0OK310810010050_00 | OK310810-01-0050G 8/24/2004 4.83 10
OK310810010050_00 | OK310810-01-0050G 9/27/2004 4.43 10
OK310810010050_00 | OK310810-01-0050G 11/1/2004 105 134
0OK310810010050_00 | OK310810-01-0050G 12/7/2004 52.9 57 high flow
OK310810010050_00 | OK310810-01-0050G 1/11/2005 31.6 33 high flow
OK310810010050_00 | OK310810-01-0050G 2/22/2005 7.95 10
0OK310810010050_00 | OK310810-01-0050G 3/21/2005 8.05 10
OK310810010050_00 | OK310810-01-0050G 4/25/2005 5.77 10
OK310810010050_00 | OK310810-01-0050G 5/31/2005 110 146
0OK310810010050_00 | OK310810-01-0050G 7/5/2005 470 523 high flow
OK310810010050_00 | OK310810-01-0050G 8/8/2005 125 21
OK310810010050_00 | OK310810-01-0050G 9/12/2005 8.15 10
0OK310810010050_00 | OK310810-01-0050G 10/17/2005 6.59 10
OK310810010050_00 | OK310810-01-0050G 11/29/2005 2.07 10
OK310810010050_00 | OK310810-01-0050G 1/9/2006 3.61 10
0OK310810010050_00 | OK310810-01-0050G 2/13/2006 7.04 10
OK310810010050_00 | OK310810-01-0050G 3/20/2006 47.1 114 high flow
OK310810010050_00 | OK310810-01-0050G 4/24/2006 4.65 10
0OK310810010050_00 | OK310810-01-0050G 5/30/2006 9.98 17
OK310810010050_00 | OK310810-01-0050G 6/26/2006 457 281
OK310810010190_00 | USGS_07328550 6/25/2004 27.5
0OK310810010190 00 | OK310810-01-0190G 8/24/2004 8.75 10
OK310810010190_00 | OK310810-01-0190G 11/2/2004 221 51
OK310810010190_00 | OK310810-01-0190G 12/8/2004 58.2 10
0OK310810010190_00 | OK310810-01-0190G 2/22/2005 28.3 10
OK310810010190_00 | OK310810-01-0190G 3/21/2005 147 183 high flow
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Washita River Bacteria and Turbidity TMDLSs Appendix A
' Turbidity TSS Flow
Waterbody ID WQM Station Date (NTU) (mg/L) -
82079 00530

OK310810010190_00 | OK310810-01-0190G 4/25/2005 17.2 10
0OK310810010190_00 | OK310810-01-0190G 5/31/2005 32.6 25
OK310810010190_00 | OK310810-01-0190G 7/5/2005 1000.99 543
OK310810010190_00 | OK310810-01-0190G 8/8/2005 112 62
0OK310810010190_00 | OK310810-01-0190G 3/20/2006 70.9 323
OK310810010190_00 | OK310810-01-0190G 4/24/2006 17.8 17
OK310810010190_00 | OK310810-01-0190G 5/30/2006 51.4 80
0OK310810020010_00 | 310810020010-001AT 1/14/2003 27
OK310810020010_00 | 310810020010-001AT 2/19/2003 37
OK310810020010_00 | 310810020010-001AT 3/26/2003 86 high flow
0OK310810020010_00 | 310810020010-001AT 4/30/2003 185
OK310810020010_00 | 310810020010-001AT 6/4/2003 160
OK310810020010_00 | 310810020010-001AT 8/20/2003 39
0OK310810020010_00 | 310810020010-001AT 9/24/2003 47
OK310810020010_00 | 310810020010-001AT 10/20/2003 40
OK310810020010_00 | 310810020010-001AT 11/24/2003 12
0OK310810020010_00 | 310810020010-001AT 1/7/2004 17
OK310810020010_00 | 310810020010-001AT 2/10/2004 12
OK310810020010_00 | 310810020010-001AT 3/16/2004 638 high flow
0OK310810020010_00 | 310810020010-001AT 4/27/2004 105
OK310810020010_00 | 310810020010-001AT 6/2/2004 29
OK310810020010_00 | 310810020010-001AT 7/7/2004 1000 high flow
0OK310810020010_00 | 310810020010-001AT 8/11/2004 490
OK310810020010_00 | 310810020010-001AT 9/15/2004 34
OK310810020010_00 | 310810020010-001AT 10/19/2004 713
0OK310810020010_00 | 310810020010-001AT 11/21/2004 1000 high flow
OK310810020010_00 | 310810020010-001AT 1/12/2005 668 high flow
OK310810020010_00 | 310810020010-001AT 2/16/2005 148 high flow
0OK310810020010_00 | 310810020010-001AT 3/16/2005 24
OK310810020010_00 | 310810020010-001AT 5/25/2005 130
OK310810020010_00 | 310810020010-001AT 7/12/2005 45
0OK310810020010_00 | 310810020010-001AT 8/8/2005 59
OK310810020010_00 | 310810020010-001AT 9/7/2005 470
OK310810020010_00 | 310810020010-001AT 10/19/2005 189
0OK310810020010_00 | 310810020010-001AT 11/29/2005 8
OK310810020010_00 | 310810020010-001AT 1/17/2006 15
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Washita River Bacteria and Turbidity TMDLSs Appendix A
' Turbidity TSS Flow
Waterbody ID WQM Station Date (NTU) (mg/L) -
82079 00530

OK310810020010_00 | 310810020010-001AT 2/21/2006 13
0OK310810020010_00 | 310810020010-001AT 3/28/2006 21
OK310810020010_00 | 310810020010-001AT 5/1/2006 198 high flow
OK310810020010_00 | 310810020010-001AT 6/5/2006 1000 high flow
0OK310810020010_00 | 310810020010-001AT 7/12/2006 207
OK310810020010_00 | 310810020010-001AT 8/14/2006 26
OK310810020010_00 | 310810020010-001AT 9/27/2006 25
0OK310810020010_00 | 310810020010-001AT 10/31/2006 35
OK310810020010_00 | 310810020010-001AT 12/6/2006 8
OK310810020010_00 | 310810020010-001AT 3/7/2007 15
0OK310810020010_00 | 310810020010-001AT 4/4/2007 1520 high flow
OK310810020010_00 | 310810020010-001AT 5/16/2007 1001 high flow
OK310810020010_00 | 310810020010-001AT 6/13/2007 369 high flow
0OK310810020010_00 | 310810020010-001AT 7/11/2007 1000 high flow
OK310810020010_00 | 310810020010-001AT 8/20/2007 1000 high flow
OK310810020010_00 | 310810020010-001AT 10/31/2007 141 high flow
0OK310810020010_00 | 310810020010-001AT 12/5/2007 13 high flow
OK310810020010_00 | 310810020010-001AT 1/23/2008 25 high flow
OK310810020010_00 | 310810020010-001AT 3/3/2008 465 high flow
0OK310810020010_00 | 310810020010-001AT 4/28/2008 245 high flow
OK310810020010_00 | 310810020010-001AT 5/21/2008 132 high flow
OK310810040140_00 | OK310810-04-0140D 8/3/2004 90.3
0OK310810040140_00 | OK310810-04-0140D 8/31/2004 112 148
OK310810040140_00 | OK310810-04-0140D 10/5/2004 196 153
0OK310810040140_00 | OK310810-04-0140D 11/16/2004 104 83
0OK310810040140_00 | OK310810-04-0140D 12/7/2004 98 92
OK310810040140_00 | OK310810-04-0140D 1/19/2005 10
OK310810040140_00 | OK310810-04-0140D 2/22/2005 37.2 36
0OK310810040140_00 | OK310810-04-0140D 3/29/2005 27 49
OK310810040140_00 | OK310810-04-0140D 5/10/2005 108 98
OK310810040140_00 | OK310810-04-0140D 6/7/2005 524 10
0OK310810040140_00 | OK310810-04-0140D 7/6/2005 99.7 115
OK310810040140_00 | OK310810-04-0140D 8/8/2005 16.7 30
OK310810040140_00 | OK310810-04-0140D 9/12/2005 14.9 35
0OK310810040140_00 | OK310810-04-0140D 10/17/2005 6.76 10
OK310810040140_00 | OK310810-04-0140D 11/28/2005 3.63 10
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Washita River Bacteria and Turbidity TMDLSs Appendix A
' Turbidity TSS Flow
Waterbody ID WQM Station Date (NTU) (mg/L) -
82079 00530
0OK310810040140_00 | OK310810-04-0140D 1/10/2006 64.5 52
0OK310810040140_00 | OK310810-04-0140D 2/13/2006 49 73
OK310810040140_00 | OK310810-04-0140D 3/20/2006 35 76
OK310810040140_00 | OK310810-04-0140D 4/25/2006 91.7 103
0OK310810040140_00 | OK310810-04-0140D 6/5/2006 114 23
OK310810040140_00 | OK310810-04-0140D 7/10/2006 3.97 10
OK310810040140_00 | OK310810-04-0140D 5/26/2009 high flow
0OK310830010010_00 | 310830010010-001AT 2/10/1999 74 122 high flow
OK310830010010_00 | 310830010010-001AT 3/30/1999 189 high flow
OK310830010010_00 | 310830010010-001AT 4/7/1999 467 136 high flow
0OK310830010010 00 | 310830010010-001AT 6/16/1999 249 194 high flow
OK310830010010_00 | 310830010010-001AT 7/12/1999 1000 1560 high flow
OK310830010010_00 | 310830010010-001AT 8/18/1999 49 46
0OK310830010010_00 | 310830010010-001AT 9/27/1999 44 58
OK310830010010_00 | 310830010010-001AT 10/11/1999 24 56
OK310830010010_00 | 310830010010-001AT 11/8/1999 18 30
0OK310830010010_00 | 310830010010-001AT 12/6/1999 1000 3050 high flow
OK310830010010_00 | 310830010010-001AT 1/18/2000 23 75
OK310830010010_00 | 310830010010-001AT 2/14/2000 27 46
0OK310830010010 00 | 310830010010-001AT 4/11/2000 313 high flow
OK310830010010_00 | 310830010010-001AT 5/8/2000 502 300 high flow
OK310830010010_00 | 310830010010-001AT 6/12/2000 72 242
0OK310830010010 00 | 310830010010-001AT 7/18/2000 74 124 high flow
OK310830010010_00 | 310830010010-001AT 8/15/2000 56 138
OK310830010010_00 | 310830010010-001AT 9/11/2000 34 44
0OK310830010010 00 | 310830010010-001AT 11/28/2000 70
OK310830010010_00 | 310830010010-001AT 2/12/2001 793 high flow
OK310830010010_00 | 310830010010-001AT 3/12/2001 163 high flow
0OK310830010010 00 | 310830010010-001AT 4/9/2001 54 high flow
OK310830010010_00 | 310830010010-001AT 5/14/2001 1000 high flow
OK310830010010_00 | 310830010010-001AT 6/11/2001 552 high flow
0OK310830010010 00 | 310830010010-001AT 7/16/2001 104
OK310830010010_00 | 310830010010-001AT 8/13/2001 233
OK310830010010_00 | 310830010010-001AT 9/4/2001 23
0OK310830010010 00 | 310830010010-001AT 10/15/2001 26
OK310830010010_00 | 310830010010-001AT 10/15/2001 26
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Washita River Bacteria and Turbidity TMDLSs Appendix A

' Turbidity TSS Flow

Waterbody ID WQM Station Date (NTU) (mg/L) -

82079 00530

OK310830010010_00 000*13:?830030010' 3/25/2002 4
OK310830010010_00 | 310830010010-001AT | 3/26/2002 18

OK310830010010_00 000*13:?830030010' 412212002 52 high flow
OK310830010010_00 | 310830010010-001AT | 4/23/2002 146
OK310830010010_00 | 310830010010-001AT | 4/23/2002 146
OK310830010010_00 | S 3-0830030010- 5/20/2002 336
OK310830010010_00 | 310830010010-001AT | 5/21/2002 73
OK310830010010_00 | 310830010010-001AT | 5/21/2002 58
OK310830010010_00 | 310830010010-001AT | 5/21/2002 66

OK310830010010_00 | or-3-0830010010- 6/18/2002 111 high flow

OK310830010010_00 | 310830010010-001AT | 6/18/2002 355 high flow

OK310830010010_00 | 310830010010-001AT | 6/18/2002 254 high flow
OK310830010010_00 goﬁg’Al$83°°3°°1°' 7/23/2002 24
OK310830010010_00 | 310830010010-001AT |  7/23/2002 38
OK310830010010_00 | 310830010010-001AT | 7/23/2002 46
OK310830010010_00 | 310830010010-001AT | 8/19/2002 42
OK310830010010_00 | 310830010010-001AT | 8/19/2002 50
OK310830010010_00 | 310830010010-001AT | 8/19/2002 57
OK310830010010_00 | n-310830030010- 8/21/2002 31
OK310830010010_00 | 310830010010-001AT | 9/16/2002 53
OK310830010010_00 | 310830010010-001AT | 10/21/2002 38
OK310830010010_00 | 310830010010-001AT | 11/19/2002 18
OK310830010010_00 | 310830010010-001AT | 1/13/2003 19
OK310830010010_00 | 310830010010-001AT | 2/19/2003 13
OK310830010010_00 | 310830010010-001AT | 3/26/2003 99
OK310830010010_00 | 310830010010-001AT | 4/30/2003 130
OK310830010010_00 | 310830010010-001AT |  6/4/2003 43
OK310830010010_00 | 310830010010-001AT | 7/15/2003 30
OK310830010010_00 | 310830010010-001AT | 8/20/2003 19
OK310830010010_00 | 310830010010-001AT | 9/24/2003 26
OK310830010010_00 | 310830010010-001AT | 10/20/2003 14
OK310830010010_00 | 310830010010-001AT | 11/24/2003 7
OK310830010010_00 | 310830010010-001AT |  1/7/2004 17
OK310830010010_00 | 310830010010-001AT | 2/10/2004 5
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Washita River Bacteria and Turbidity TMDLSs Appendix A
' Turbidity TSS Flow
Waterbody ID WQM Station Date (NTU) (mg/L) -
82079 00530
OK310830010010_00 | 310830010010-001AT 3/16/2004 274 high flow
0OK310830010010_00 | 310830010010-001AT 4/27/2004 84
OK310830010010_00 | 310830010010-001AT 6/2/2004 30
OK310830010010_00 | 310830010010-001AT 7/7/2004 1000 high flow
0OK310830010010_00 | 310830010010-001AT 8/11/2004 48
OK310830010010_00 | 310830010010-001AT 9/15/2004 30
OK310830010010_00 | 310830010010-001AT 10/19/2004 233
0OK310830010010_00 | 310830010010-001AT 1/12/2005 227 high flow
OK310830010010_00 | 310830010010-001AT 3/16/2005 15
OK310830010010_00 | 310830010010-001AT 5/25/2005 104
0OK310830010010 00 | 310830010010-001AT 7/12/2005 67
OK310830010010_00 | 310830010010-001AT 8/8/2005 89
OK310830010010_00 | 310830010010-001AT 9/7/2005 236 high flow
0OK310830010010_00 | 310830010010-001AT 10/19/2005 210
OK310830010010_00 | 310830010010-001AT 11/29/2005 7
OK310830010010_00 | 310830010010-001AT 1/17/2006 12
0OK310830010010_00 | 310830010010-001AT 2/21/2006 6
OK310830010010_00 | 310830010010-001AT 3/28/2006 13
OK310830010010_00 | 310830010010-001AT 5/1/2006 39
0OK310830010010 00 | 310830010010-001AT 6/5/2006 25
OK310830010010_00 | 310830010010-001AT 7/12/2006 26
OK310830010010_00 | 310830010010-001AT 8/14/2006 27
0OK310830010010 00 | 310830010010-001AT 9/27/2006 15
OK310830010010_00 | 310830010010-001AT 10/31/2006 11
OK310830010010_00 | 310830010010-001AT 12/6/2006 6
0OK310830010010 00 | 310830010010-001AT 1/24/2007 10
OK310830010010_00 | 310830010010-001AT 3/7/2007 9
OK310830010010_00 | 310830010010-001AT 4/4/2007 1075 high flow
0OK310830010010 00 | 310830010010-001AT 5/16/2007 1001 high flow
OK310830010010_00 | 310830010010-001AT 6/13/2007 299 high flow
OK310830010010_00 | 310830010010-001AT 7/11/2007 483 high flow
0OK310830010010 00 | 310830010010-001AT 8/20/2007 1000 high flow
OK310830010010_00 | 310830010010-001AT 10/30/2007 88 high flow
OK310830010010_00 | 310830010010-001AT 12/5/2007 18 high flow
0OK310830010010 00 | 310830010010-001AT 1/23/2008 13
OK310830010010_00 | 310830010010-001AT 3/3/2008 1000 high flow
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Washita River Bacteria and Turbidity TMDLSs Appendix A
' Turbidity TSS Flow
Waterbody ID WQM Station Date (NTU) (mg/L) -
82079 00530

OK310830010010_00 | 310830010010-001AT 4/28/2008 91 high flow
0OK310830010010_00 | 310830010010-001AT 5/21/2008 52 high flow
OK310830010010_00 | 310830010010-001AT 7/22/2008 37
OK310830010010_00 | 310830010010-001AT 9/16/2008 1000 high flow
0OK310830010010_00 | 310830010010-001AT 11/6/2008 66 high flow
OK310830010010_00 | 310830010010-001AT 2/18/2009 22.5
OK310830010010_00 | 310830010010-001AT 3/3/2009 6.25
0OK310830010010_00 | 310830010010-001AT 4/7/2009 18
OK310830020020_00 | OK310830-02-0020D 8/4/2004 11.3
OK310830020020_00 | OK310830-02-0020D 8/23/2004 161 73
0OK310830020020_00 | OK310830-02-0020D 10/5/2004 294 35
OK310830020020_00 | OK310830-02-0020D 11/2/2004 14.6 10
OK310830020020_00 | OK310830-02-0020D 12/13/2004 16.2 16
0OK310830020020_00 | OK310830-02-0020D 1/18/2005 11.2 11
OK310830020020_00 | OK310830-02-0020D 2/14/2005 10.3 16
OK310830020020_00 | OK310830-02-0020D 3/21/2005 16 11
0OK310830020020_00 | OK310830-02-0020D 4/25/2005 341 32
OK310830020020_00 | OK310830-02-0020D 5/31/2005 59.9 60
OK310830020020_00 | OK310830-02-0020D 7/5/2005 350 302 high flow
0OK310830020020_00 | OK310830-02-0020D 8/8/2005 72.8 68
OK310830020020_00 | OK310830-02-0020D 9/12/2005 36 86
OK310830020020_00 | OK310830-02-0020D 10/17/2005 54.2 57
0OK310830020020_00 | OK310830-02-0020D 11/29/2005 10.8 10
0OK310830020020_00 | OK310830-02-0020D 1/9/2006 10.4 10
OK310830020020_00 | OK310830-02-0020D 2/13/2006 131 10
0OK310830020020_00 | OK310830-02-0020D 3/20/2006 29.1 27
OK310830020020_00 | OK310830-02-0020D 5/2/2006 8.36 10
OK310830020020_00 | OK310830-02-0020D 5/30/2006 30.1 22
0OK310830020020_00 | OK310830-02-0020D 7/10/2006 221 133
OK310830020060_10 | OK310830-02-0060G 8/23/2004 62.8 63
OK310830020060_10 | OK310830-02-0060G 10/5/2004 54.1 62
0OK310830020060_10 | OK310830-02-0060G 11/2/2004 87 62
OK310830020060_10 | OK310830-02-0060G 12/13/2004 51.7 41 high flow
OK310830020060_10 | OK310830-02-0060G 1/18/2005 454 47
0OK310830020060_10 | OK310830-02-0060G 2/14/2005 15 23 high flow
OK310830020060_10 | OK310830-02-0060G 3/21/2005 18.4 31
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Washita River Bacteria and Turbidity TMDLSs Appendix A
' Turbidity TSS Flow
Waterbody ID WQM Station Date (NTU) (mg/L) -
82079 00530
OK310830020060_10 | OK310830-02-0060G 4/25/2005 53 60
0OK310830020060_10 | OK310830-02-0060G 5/31/2005 48.3 60
OK310830020060_10 | OK310830-02-0060G 7/5/2005 1000.99 1262
OK310830020060_10 | OK310830-02-0060G 8/8/2005 606 392
0OK310830020060_10 | OK310830-02-0060G 9/12/2005 24.5 9.99
OK310830020060_10 | OK310830-02-0060G 10/17/2005 109 93 high flow
OK310830020060_10 | OK310830-02-0060G 11/29/2005 8.66 9.99
0OK310830020060_10 | OK310830-02-0060G 1/9/2006 7.96 9.99
OK310830020060_10 | OK310830-02-0060G 2/13/2006 7.62 20
OK310830020060_10 | OK310830-02-0060G 3/20/2006 52.7 61 high flow
0OK310830020060_10 | OK310830-02-0060G 5/2/2006 28.1 34
OK310830020060_10 | OK310830-02-0060G 5/30/2006 1000.99 1499
OK310830020060_10 | OK310830-02-0060G 7/10/2006 58.9 44
OK310830030010_00 80*132?830030010' 11/11/1998 151 228
OK310830030010_00 | 310830030010-001AT 12/8/1998 144 131
OK310830030010_00 | 310830030010-001AT 4/7/1999 98 500
OK310830030010_00 | 310830030010-001AT 4/19/1999 49 60
OK310830030010_00 | 310830030010-001AT 6/16/1999 56 80
OK310830030010_00 | 310830030010-001AT 7/12/1999 177 176
OK310830030010_00 | 310830030010-001AT 8/18/1999 25 70
OK310830030010_00 | 310830030010-001AT 9/27/1999 22
OK310830030010_00 | 310830030010-001AT 10/11/1999 17
OK310830030010_00 | 310830030010-001AT 11/8/1999 21 36
OK310830030010_00 | 310830030010-001AT 12/6/1999 27 40 high flow
OK310830030010_00 | 310830030010-001AT 1/18/2000 11 32
OK310830030010_00 | 310830030010-001AT 2/14/2000 6 40
OK310830030010_00 | 310830030010-001AT 5/8/2000 63 128 high flow
OK310830030010_00 | OK310830030010G 5/22/2000 18.2 49 high flow
OK310830030010_00 | 310830030010-001AT 6/12/2000 63 256 high flow
OK310830030010_00 | 310830030010-001AT 7/18/2000 64 152 high flow
OK310830030010_00 | OK310830030010G 7/31/2000 59.9 14 high flow
OK310830030010_00 | 310830030010-001AT 8/15/2000 18 72
OK310830030010_00 | OK310830030010G 9/5/2000 8.58 4 high flow
OK310830030010_00 | 310830030010-001AT 9/11/2000 7 22
OK310830030010_00 | 310830030010-001AT 10/9/2000 3 1
OK310830030010_00 | OK310830030010G 10/9/2000 6.04 22
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Washita River Bacteria and Turbidity TMDLSs Appendix A
' Turbidity TSS Flow
Waterbody ID WQM Station Date (NTU) (mg/L) -
82079 00530

OK310830030010_00 | 310830030010-001AT 11/6/2000 146 150 high flow
0OK310830030010_00 | OK310830030010G 11/13/2000 67.2 50 high flow
OK310830030010_00 | OK310830030010G 12/18/2000 45.2 44 high flow
OK310830030010_00 | OK310830030010G 2/1/2001 46.2 100 high flow
0OK310830030010_00 | OK310830030010G 3/5/2001 84.3 126 high flow
OK310830030010_00 | OK310830030010G 4/9/2001 47 80 high flow
OK310830030010_00 | OK310830030010G 5/14/2001 233 294 high flow
0OK310830030010_00 | OK310830030010G 6/18/2001 133 388 high flow
OK310830030010_00 | OK310830030010G 7/18/2001 20
OK310830030010_00 | OK310830030010G 7/23/2001 8.46 66 high flow
0OK310830030010_00 | OK310830030010G 8/17/2001 22.2 high flow
OK310830030010_00 | OK310830030010G 8/27/2001 11.9 32 high flow
OK310830030010_00 | OK310830030010G 10/1/2001 4.88 13 high flow
0OK310830030010_00 | OK310830030010G 11/5/2001 29.1 30
OK310830030010_00 | 310830030010-001AT 11/26/2001 10
OK310830030010_00 | OK310830030010G 12/17/2001 3.59 10
0OK310830030010_00 | OK310830030010G 1/22/2002 4.17 high flow
OK310830030010_00 | OK310830030010G 2/25/2002 4.39 high flow
OK310830030010_00 | 310830030010-001AT 2/27/2002 11
0OK310830030010_00 | OK310830030010G 4/1/2002 4.11 5 high flow
OK310830030010_00 | 310830030010-001AT 9/25/2002 57
OK310830030010_00 | 310830030010-001AT 10/23/2002 82 high flow
0OK310830030010_00 | 310830030010-001AT 11/20/2002 51
OK310830030010_00 | 310830030010-001AT 1/13/2003 28 high flow
OK310830030010_00 | 310830030010-001AT 2/19/2003 9
0OK310830030010_00 | 310830030010-001AT 3/26/2003 202
OK310830030010_00 | 310830030010-001AT 4/30/2003 197 high flow
OK310830030010_00 | 310830030010-001AT 6/4/2003 357
0OK310830030010_00 | 310830030010-001AT 7/15/2003 33
OK310830030010_00 | 310830030010-001AT 8/20/2003 22
OK310830030010_00 | 310830030010-001AT 9/22/2003 6
0OK310830030010_00 | 310830030010-001AT 10/20/2003
OK310830030010_00 | 310830030010-001AT 11/24/2003
OK310830030010_00 | 310830030010-001AT 1/7/2004 10
0OK310830030010_00 | 310830030010-001AT 2/10/2004 9
OK310830030010_00 | 310830030010-001AT 3/15/2004 52 high flow
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Washita River Bacteria and Turbidity TMDLSs Appendix A
' Turbidity TSS Flow
Waterbody ID WQM Station Date (NTU) (mg/L) -
82079 00530
OK310830030010_00 | 310830030010-001AT | 4/27/2004 26
OK310830030010_00 | 310830030010-001AT |  6/1/2004 5
OK310830030010_00 | 310830030010-001AT |  7/7/2004 787 high flow
OK310830030010_00 000*13:?830030010' 7/115/2004 19.2
OK310830030010_00 | 310830030010-001AT | 8/10/2004 10
OK310830030010_00 000*13:?830030010' 8/23/2004 33 47
OK310830030010_00 | 310830030010-001AT | 9/15/2004 7
OK310830030010_00 | - 5-0830030010- 10/5/2004 45.4 36
OK310830030010_00 | - 5-0830030010- 11/2/2004 15.8 22
OK310830030010_00 | 310830030010-001AT | 11/3/2004 16 high flow
OK310830030010_00 | 310830030010-001AT | 12/6/2004 66 89 high flow
OK310830030010_00 | 310830030010-001AT | 12/7/2004 67 81 high flow
OK310830030010_00 | 310830030010-001AT | 1/10/2005 149 171 high flow
OK310830030010_00 | 310830030010-001AT | 1/11/2005 85 101 high flow
OK310830030010_00 | 310830030010-001AT | 1/12/2005 46 129 high flow
OK310830030010_00 | 310830030010-001AT | 2/14/2005 77 120 high flow
OK310830030010_00 | 310830030010-001AT | 2/15/2005 45 82 high flow
OK310830030010_00 | 310830030010-001AT | 3/21/2005 15 17 high flow
OK310830030010_00 | 310830030010-001AT | 3/22/2005 15 14 high flow
OK310830030010_00 | 310830030010-001AT | 4/25/2005 22 38
OK310830030010_00 | 310830030010-001AT | 4/26/2005 195 28
OK310830030010_00 | 310830030010-001AT | 5/13/2005 135
OK310830030010_00 | 310830030010-001AT | 5/14/2005 105
OK310830030010_00 | 310830030010-001AT | 5/31/2005 233 256
OK310830030010_00 | 310830030010-001AT |  6/1/2005 152 171
OK310830030010_00 | 310830030010-001AT | 6/13/2005 1000 1890 | high flow
OK310830030010_00 | 310830030010-001AT |  7/6/2005 53 86 high flow
OK310830030010_00 | 310830030010-001AT |  8/8/2005 659 443
OK310830030010_00 | 310830030010-001AT |  8/9/2005 139 155
OK310830030010_00 | 310830030010-001AT | 9/12/2005 44
OK310830030010_00 | 310830030010-001AT | 9/13/2005 23 76
OK310830030010_00 | 310830030010-001AT | 10/17/2005 25 22
OK310830030010_00 | 310830030010-001AT | 10/31/2005 19
OK310830030010_00 | 310830030010-001AT | 11/28/2005 18
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Washita River Bacteria and Turbidity TMDLSs Appendix A
' Turbidity TSS Flow
Waterbody ID WQM Station Date (NTU) (mg/L) -
82079 00530
0K310830030010_00 | OK310830030010- 1/9/2006 5.46 14
00 | 0o1AT
OK310830030010_00 | 310830030010-001AT | 1/17/2006 8
OK310830030010_00 000*13:?830030010' 2/13/2006 5.38 22
OK310830030010_00 | 310830030010-001AT | 2/21/2006 8
OK310830030010_00 | - 5-0830030010- 3/20/2006 24.4 61 high flow
OK310830030010_00 | 310830030010-001AT | 3/27/2006 11
OK310830030010_00 | 310830030010-001AT |  5/1/2006 130
OK310830030010_00 000*13:?830030010' 5/2/2006 495 68
OK310830030010_00 000*13:?830030010' 5/30/2006 68.9 56
OK310830030010_00 | 310830030010-001AT |  6/5/2006 3
OK310830030010_00 000*13:?830030010' 7/110/2006 17 10
OK310830030010_00 | 310830030010-001AT | 9/27/2006
OK310830030010_00 | 310830030010-001AT | 10/31/2006
OK310830030010_00 | 310830030010-001AT | 12/5/2006
OK310830030010_00 | 310830030010-001AT |  1/24/2007 20
OK310830030010_00 | 310830030010-001AT |  3/7/2007 7
OK310830030010_00 | 310830030010-001AT |  4/4/2007 203
OK310830030010_00 | 310830030010-001AT | 5/16/2007 918
OK310830030010_00 | 310830030010-001AT | 6/13/2007 162
OK310830030010_00 | 310830030010-001AT | 7/11/2007 302
OK310830030010_00 | 310830030010-001AT | 8/20/2007 1000
OK310830030010_00 | 310830030010-001AT | 9/19/2007 128 high flow
OK310830030010_00 | 310830030010-001AT | 10/30/2007 25
OK310830030010_00 | 310830030010-001AT | 12/4/2007 8
OK310830030010_00 | 310830030010-001AT | 1/23/2008 16
OK310830030010_00 | 310830030010-001AT |  3/3/2008 1000
OK310830030010_00 | 310830030010-001AT | 4/28/2008 25
OK310830030010_00 | 310830030010-001AT | 5/21/2008 43
OK310830030010_00 | 310830030010-001AT | 7/22/2008 22
OK310830030010_00 | 310830030010-001AT | 9/16/2008 430
OK310830030010_00 | 310830030010-001AT | 11/6/2008 100
OK310830030010_00 | 310830030010-001AT | 2/18/2009 7.75
OK310830030010_00 | 310830030010-001AT |  3/3/2009 4
OK310830030010_00 | 310830030010-001AT |  4/7/2009 5
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Washita River Bacteria and Turbidity TMDLSs Appendix A
' Turbidity TSS Flow
Waterbody ID WQM Station Date (NTU) (mg/L) -
82079 00530

OK310840010010_00 | 310840010010-003RS 12/8/1998 22 117 high flow
0OK310840010010_00 | 310840010010-003RS 1/26/1999 32 55 high flow
OK310840010010_00 | 310840010010-003RS 2/23/1999 30 64 high flow
OK310840010010_00 | 310840010010-003RS 3/16/1999 50 17 high flow
0OK310840010010_00 | 310840010010-003RS 4/29/1999 349 528 high flow
OK310840010010_00 | 310840010010-003RS 5/25/1999 185 208 high flow
OK310840010010_00 | 310840010010-003RS 6/22/1999 210 174 high flow
0OK310840010010_00 | 310840010010-003RS 7/20/1999 23 56 high flow
OK310840010010_00 | 310840010010-003RS 8/17/1999 22 38
OK310840010010_00 | 310840010010-003RS 9/27/1999 23 38
0OK310840010010_00 | 310840010010-003RS | 10/11/1999 7 22
OK310840010010_00 | 310840010010-003RS 11/8/1999 10 17
OK310840010010_00 | 310840010010-003RS 12/6/1999 20 41
0OK310840010010_00 | 310840010010-003RS 1/18/2000 19 7
OK310840010010_00 | 310840010010-003RS 2/14/2000 21 82
OK310840010010_00 | 310840010010-003RS 3/14/2000 90 high flow
0OK310840010010_00 | 310840010010-003RS 4/11/2000 57 high flow
OK310840010010_00 | 310840010010-003RS 5/8/2000 97 144 high flow
OK310840010010_00 | 310840010010-003RS 6/12/2000 453 724 high flow
0OK310840010010_00 | 310840010010-003RS 7/18/2000 110 342 high flow
OK310840010010_00 | 310840010010-003RS 8/15/2000 26
OK310840010010_00 | 310840010010-003RS 9/11/2000 8
0OK310840010010_00 | 310840010010-003RS 10/9/2000 5
OK310840010010_00 | 310840010010-003RS 11/6/2000 108 112 high flow
OK310840010010_00 | 310840010010-003RS 2/27/2001 111 high flow
0OK310840010010_00 | 310840010010-003RS 3/20/2001 63 high flow
OK310840010010_00 | 310840010010-003RS 4/17/2001 24 high flow
OK310840010010_00 | 310840010010-003RS 5/21/2001 424 high flow
0OK310840010010_00 | 310840010010-003RS 6/27/2001 high flow
OK310840010010_00 | 310840010010-003RS 7/23/2001
OK310840010010_00 | 310840010010-003RS 8/20/2001
0OK310840010010_00 | 310840010010-003RS 9/17/2001 85
OK310840010010_00 | 310840010010-003RS | 10/22/2001 19
OK310840010010_00 | 310840010010-003RS | 11/13/2001 29
0OK310840010010_00 | 310840010010-003RS 2/27/2002 12
OK310840010010_00 | 310840010010-003RS 3/25/2002 15
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Washita River Bacteria and Turbidity TMDLSs Appendix A
' Turbidity TSS Flow
Waterbody ID WQM Station Date (NTU) (mg/L) -
82079 00530

OK310840010010_00 | 310840010010-003RS 4/22/2002 61 high flow
0OK310840010010_00 | 310840010010-003RS 5/20/2002 137 high flow
OK310840010010_00 | 310840010010-003RS 7/23/2002 11
OK310840010010_00 | 310840010010-003RS 8/21/2002 5
0OK310840010010_00 | 310840010010-003RS 9/25/2002 5
OK310840010010_00 | 310840010010-003RS | 10/23/2002 688 high flow
OK310840010010_00 | 310840010010-003RS | 11/20/2002 66 high flow
0OK310840010010_00 | 310840010010-003RS 1/13/2003 44 high flow
OK310840010010_00 | 310840010010-003RS 2/19/2003 31 high flow
OK310840010010_00 | 310840010010-003RS 3/26/2003 249 high flow
0OK310840010010_00 | 310840010010-003RS 4/30/2003 106
OK310840010010_00 | 310840010010-003RS 6/4/2003 1000
OK310840010010_00 | 310840010010-003RS 7/15/2003 39
0OK310840010010_00 | 310840010010-003RS 8/20/2003 6
OK310840010010_00 | 310840010010-003RS 9/22/2003 10
OK310840010010_00 | 310840010010-003RS | 10/20/2003 35
0OK310840010010_00 | 310840010010-003RS | 11/24/2003 19
OK310840010010_00 | 310840010010-003RS 1/7/2004 11
OK310840010010_00 | 310840010010-003RS 2/10/2004 61
0OK310840010010_00 | 310840010010-003RS 3/15/2004 126 high flow
OK310840010010_00 | 310840010010-003RS 4/27/2004 81
OK310840010010_00 | 310840010010-003RS 6/1/2004 20
0OK310840010010_00 | 310840010010-003RS 7/6/2004 210 high flow
OK310840010010_00 | 310840010010-003RS 8/10/2004 6
OK310840010010_00 | 310840010010-003RS 9/14/2004 15
0OK310840010010_00 | 310840010010-003RS 11/3/2004 35
OK310840010010_00 | 310840010010-003RS 12/6/2004 104 131 high flow
OK310840010010_00 | 310840010010-003RS 1/11/2005 125 157 high flow
0OK310840010010_00 | 310840010010-003RS 1/12/2005 131 163 high flow
OK310840010010_00 | 310840010010-003RS 2/15/2005 55 114 high flow
OK310840010010_00 | 310840010010-003RS 3/22/2005 63 73 high flow
0OK310840010010_00 | 310840010010-003RS 4/25/2005 48 64
OK310840010010_00 | 310840010010-003RS 4/26/2005 36 60
OK310840010010_00 | 310840010010-003RS 5/31/2005 276 300
0OK310840010010_00 | 310840010010-003RS 6/13/2005 1000 1460 high flow
OK310840010010_00 | 310840010010-003RS 6/14/2005 1000 675 high flow
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' Turbidity TSS Flow
Waterbody ID WQM Station Date (NTU) (mg/L) -
82079 00530

OK310840010010_00 | 310840010010-003RS 8/8/2005 6 11
0OK310840010010_00 | 310840010010-003RS 9/12/2005 9 21
OK310840010010_00 | OK310840-01-0010L 9/28/2005 37
OK310840010010_00 | 310840010010-003RS | 10/31/2005 38
0OK310840010010_00 | 310840010010-003RS 3/27/2006 159
OK310840010010_00 | 310840010010-003RS 5/1/2006 36
OK310840010010_00 | 310840010010-003RS 6/5/2006 28
0OK310840010010_00 | 310840010010-003RS 7/18/2006 15
OK310840010010_00 | 310840010010-003RS 8/15/2006
OK310840010010_00 | 310840010010-003RS 9/26/2006
0OK310840010010_00 | 310840010010-003RS | 10/31/2006
OK310840010010_00 | 310840010010-003RS 12/5/2006 13
OK310840010010_00 | 310840010010-003RS 1/23/2007 51
0OK310840010010_00 | 310840010010-003RS 3/7/2007 29
OK310840010010_00 | 310840010010-003RS 4/4/2007 206 high flow
OK310840010010_00 | 310840010010-003RS 5/15/2007 363 high flow
0OK310840010010_00 | 310840010010-003RS 6/12/2007 174 high flow
OK310840010010_00 | 310840010010-003RS 7/11/2007 122 high flow
OK310840010010_00 | 310840010010-003RS 8/20/2007 23
0OK310840010010_00 | 310840010010-003RS 9/19/2007 113 high flow
OK310840010010_00 | 310840010010-003RS | 10/30/2007 21
OK310840010010_00 | 310840010010-003RS 1/23/2008 38 high flow
0OK310840010010_00 | 310840010010-003RS 3/4/2008 21 high flow
OK310840010010_00 | 310840010010-003RS 4/21/2008 104 high flow
OK310840010010_00 | 310840010010-003RS 5/21/2008 173
0OK310840010010_00 | 310840010010-003RS 7/28/2008 63
OK310840010010_00 | 310840010010-003RS 9/23/2008 144 high flow
OK310840010010_00 | 310840010010-003RS | 11/18/2008 25 high flow
0OK310840010010_00 | 310840010010-003RS 2/25/2009 16 high flow
OK310840010010_00 | 310840010010-003RS 3/24/2009 16.25
OK310840010010_00 | 310840010010-003RS 4/21/2009 247 high flow
0OK310840020010_00 | OK310840-02-0010G 5/22/2000 18.7 34
OK310840020010_00 | OK310840-02-0010G 6/26/2000 109 142
0OK310840020010_00 | OK310840-02-0010G 7/31/2000 191 48
0OK310840020010_00 | OK310840-02-0010G 11/14/2000 17.4 8
OK310840020010_00 | OK310840-02-0010G 12/19/2000 16.9 12
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' Turbidity TSS Flow
Waterbody ID WQM Station Date (NTU) (mg/L) -
82079 00530
OK310840020010_00 | OK310840-02-0010G 1/30/2001 30.5 56
0OK310840020010_00 | OK310840-02-0010G 3/6/2001 11.6 24
OK310840020010_00 | OK310840-02-0010G 4/9/2001 18.5 60
0OK310840020010_00 | OK310840-02-0010G 5/14/2001 52.7 112
0OK310840020010_00 | OK310840-02-0010G 6/18/2001 46.9 20
0OK310840020010_00 | OK310840020010G 6/26/2001 57
OK310840020010_00 | OK310840-02-0010G 7/23/2001 151 21
0OK310840020010_00 | OK310840-02-0010G 10/2/2001 231 10
OK310840020010_00 | OK310840-02-0010G 11/6/2001 7.37 10
OK310840020010_00 | OK310840-02-0010G 12/18/2001 6.94 10
0OK310840020010_00 | OK310840-02-0010G 1/23/2002 5.48 10
OK310840020010_00 | OK310840-02-0010G 2/25/2002 4.39 10
OK310840020010_00 | OK310840-02-0010G 4/2/2002 141 19
0OK310840020010_00 | WABA_AIF_STAO0.0 6/29/2002 14.155
OK310840020010_00 | WABA_AIF_STAO0.4 6/29/2002 25.4
OK310840020010_00 | WABA_AIF_STAO0.6 6/29/2002 23.9
0OK310840020010_00 | WABA_AIF_STAO0.2 11/12/2002 55.5
OK310840020010_00 | WABA_AIF_STAO0.4 11/12/2002 49.9
0OK310840020010_00 | OK310840-02-0020C 5/25/2004 40
0OK310840020010_00 | OK310840-02-0020C 1/10/2005 43
0OK310840020020_00 | OK310840-02-0020C 5/30/2002 455 62
0OK310840020020_00 | OK310840-02-0020C 8/23/2004 31.7 34
0OK310840020020_00 | OK310840-02-0020C 9/27/2004 58.8 66
0OK310840020020_00 | OK310840-02-0020C 11/1/2004 15.8 19
0OK310840020020_00 | OK310840-02-0020C 11/29/2004 17.9 10
0OK310840020020_00 | OK310840-02-0020C 1/10/2005 43
0OK310840020020_00 | OK310840-02-0020C 2/14/2005 17.3 43
0OK310840020020_00 | OK310840-02-0020C 3/21/2005 30.9 62
0OK310840020020_00 | OK310840-02-0020C 4/25/2005 334 39
0OK310840020020_00 | OK310840-02-0020C 5/31/2005 45 55
0OK310840020020_00 | OK310840-02-0020C 7/12/2005 6.31 10
0OK310840020020_00 | OK310840-02-0020C 8/15/2005 306 215
0OK310840020020_00 | OK310840-02-0020C 9/19/2005 114 120
0OK310840020020_00 | OK310840-02-0020C 10/24/2005 7.41 10
0OK310840020020_00 | OK310840-02-0020C 12/5/2005 6.29 10
0OK310840020020_00 | OK310840-02-0020C 1/17/2006 7.66 10
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Turbidity TSS Flow
Waterbody ID WQM Station Date (NTU) (mg/L) condition
82079 00530
OK310840020020_00 | OK310840-02-0020C 2/21/2006 6.27 10
0OK310840020020_00 | OK310840-02-0020C 3/27/2006 36.7 61
OK310840020020_00 | OK310840-02-0020C 5/1/2006 42.7 47
OK310840020020_00 | OK310840-02-0020C 6/26/2006 58.7 50 high flow
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APPENDIX B

GENERAL METHOD FOR ESTIMATING FLOW FOR UNGAGED
STREAMS

AND
ESTIMATED FLOW EXCEEDANCE PERCENTILES
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Appendix B
General Method for Estimating Flow for Ungaged Strams

Flows duration curve will be developed using ergtiUSGS measured flow where the
data exist from a gage on the stream segment efeistt or by estimating flow for stream
segments with no corresponding flow record. Flatado support flow duration curves and
load duration curves will be derived for each Oklala stream segment in the following

priority:

i) In cases where a USGS flow gage occurs on, or nwithie-half mile upstream or
downstream of the Oklahoma stream segment.

a.

If simultaneously collected flow data matching tkater quality sample
collection date are available, these flow measuresngill be used.

If flow measurements at the coincident gage aresimgsfor some dates on
which water quality samples were collected, thesgapthe flow record will be
filled, or the record will be extended, by estimgtiflow based on measured
streamflows at a nearby gages. All gages withid &% radius are identified.
For each of the identified gage with a minimum 6f fbw measurements on
matching dates, four different regressions areutaied including linear, log
linear, logarithmic and exponential regressionse Tegression with the lowest
root mean square error (RMSE) is chosen for eagle.gd he potential filling
gages are ranked by RMSE from lowest to highesie récord is filled from the
first gage (lowest RMSE) for those dates that exisboth records. If dates
remain unfilled in the desired timespan of the 8erées, the filling process is
repeated with the next gage with the next lowestSEMand proceeds in this
fashion until all missing values in the desiredgspan are filled.

The flow frequency for the flow duration curves e based on measured
flows only. The filled timeseries described abaseused to match flows to
sampling dates to calculate loads.

On a stream impounded by dams to form reservoisufiicient size to impact
stream flow, only flows measured after the datehefmost recent impoundment
will be used to develop the flow duration curvehisTalso applies to reservoirs
on major tributaries to the stream.

ii) In the case no coincident flow data are availabled stream segment, but flow
gage(s) are present upstream and/or downstrearowithmajor reservoir between,
flows will be estimated for the stream segment framupstream or downstream
gage using a watershed area ratio method derivetlineating subwatersheds, and
relying on the NRCS runoff curve numbers and amtece rainfall condition.
Drainage subbasins will first be delineated for iedpaired 303(d)-listed WQM
stations, along with all USGS flow stations locatedthe 8-digit HUCs with
impaired streams. Parsons will then identify b tJSGS gage stations upstream
and downstream of the subwatersheds with 303 (@plig/QM stations.

a.

Watershed delineations are performed using ESRI Aydro with a 30 m
resolution National Elevation Dataset digital ekema model, and National
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Hydrography Dataset (NHD) streams. The area oh eaatershed will be
calculated following watershed delineation.

b. The watershed average curve number is calculatea $oil properties and land
cover as described in the U.S. Department of Aguce (USDA) Publication
TR-55: Urban Hydrology for Small Watershed$he soil hydrologic group is
extracted from NRCS STATSGO soil data, and landaasegory from the 2001
National Land Cover Dataset (NLCD). Based on lasd and the hydrologic
soil group, SCS curve numbers are estimated aB@hmeter resolution of the
NLCD grid as shown in Table 7. The average cumealver is then calculated
from all the grid cells within the delineated watsed.

c. The average rainfall is calculated for each waedsirom gridded average
annual precipitation datasets for the period 190062(Spatial Climate Analysis
Service, Oregon State University, http://www.ocsgamstate.edu/prism/,
created February 20, 2004).

Table B-1 Runoff Curve Numbers for Various Land UseCategories and Hydrologic Soil

Groups
NLCD Land Use Category Curve number for hydrologic soil group
A B C D

0 in case of zero 100 100 100 100
11 Open Water 100 100 100 100
12 Perennial Ice/Snow 100 100 100 100
21 Developed, Open Space 39 61 74 80
22 Developed, Low Intensity 57 72 81 86
23 Developed, Medium Intensity 77 85 920 92
24 Developed, High Intensity 89 92 94 95
31 Barren Land (Rock/Sand/Clay) 77 86 91 94
32 Unconsolidated Shore 77 86 91 94
41 Deciduous Forest 37 48 57 63
42 Evergreen Forest 45 58 73 80
43 Mixed Forest 43 65 76 82
51 Dwarf Scrub 40 51 63 70
52 Shrub/Scrub 40 51 63 70
71 Grasslands/Herbaceous 40 51 63 70
72 Sedge/Herbaceous 40 51 63 70
73 Lichens 40 51 63 70
74 Moss 40 51 63 70
81 Pasture/Hay 35 56 70 77
82 Cultivated Crops 64 75 82 85
90-99 Wetlands 100 100 100 100
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d. The method used to project flow from a gage@toa to an ungaged location was
adapted by combining aspects of two other flow gmtipn methodologies
developed by Furness (Furness 1959) and Wurbs @\1899).

Furness Method

The Furness method has been employed in Kansasthythe USGS and Kansas
Department of Health and Environment to estimate/{tiuration curves. The method
typically uses maps, graphs, and computations eatify six unique factors of flow
duration for ungaged sites. These factors include:

» the mean streamflow and percentage duration of regaamflow;

* the ratio of 1-percent-duration streamflow to mearamflow;

* the ratio of 0.1-percent-duration streamflow toergent-duration streamflow;
» the ratio of 50-percentduration streamflow to ms@weamflow;

» the percentage duration of appreciable (0.10 &t/€amflow; and

* average slope of the flow-duration curve.

Furness defined appreciable flow as 0.10 ft/s. Makie of streamflow was
important because, for many years, this was thdleshaon-zero streamflow value
reported in most Kansas streamflow records. Tleeame slope of the duration curve is
a graphical approximation of the variability indeich is the standard deviation of the
logarithms of the streamflows (Furness 1959, p.-202, figs. 147 and 148). On a
duration curve that fits the log-normal distributiexactly, the variability index is equal
to the ratio of the streamflow at the 15.87-pera@hmation point to the streamflow at
the 50-percent-duration point. Because duratiovesiusually do not exactly fit the
log-normal distribution, the average-slope lingiawn through an arbitrary point, and
the slope is transferred to a position approxinyadelfined by the previously estimated
points.

The method provides a means of both describingesbéthe flow duration curve
and scaling the magnitude of the curve to anotheaition, basically generating a new
flow duration curve with a very similar shape biffedent magnitude at the ungaged
location.

Wurbs Modified NRCS Method

As a part of the Texas water availability model(WJAM) system developed by
Texas Natural Resources Conservation Commissiony koown as the Texas
Commission on Environmental Quality (TCEQ), and tpar agencies, various
contractors developed models of all Texas riveis. a part of developing the model
code to be used, Dr. Ralph Wurbs of Texas A&M Ursitg researched methods to
distribute flows from gaged locations to ungagechtmns. (Wurbs 2006) His results
included the development of a modified NRCS curuatber (CN) method for
distributing flows from gaged locations to ungadmehtions.

This modified NRCS method is based on the followiegationship between
rainfall depth, P in inches, and runoff depth, Qniches (NRCS 1985; McCuen 2005):
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Q= P-1.)°

GPEE W

where:
Q = runoff depth (inches)
P = rainfall (inches)
S = potential maximum retention after runoff bedinghes)
|5 = initial abstraction (inches)

If P < 0.2, Q = 0. Initial abstraction has beennduo be empirically related to S
by the equation

l,=0.2*S (2)

Thus, the runoff curve number equation can be texmri

_ (P-025°

Q P+0.8¢

3)

S is related to the curve number (CN) by:

S:@ -10 4)

CN

P and Q in inches must be multiplied by the watedstrea to obtain volumes. The
potential maximum retention, S in inches, represamt upper limit on the amount of
water that can be abstracted by the watershedghrsurface storage, infiltration, and
other hydrologic abstractions. For conveniencas &xpressed in terms of a curve
number CN, which is a dimensionless watershed patermanging from 0 to 100. A
CN of 100 represents a limiting condition of a petfy impervious watershed with zero
retention and thus all the rainfall becoming runofA CN of zero conceptually
represents the other extreme with the watershetlaabiag all rainfall with no runoff
regardless of the rainfall amount.

First, S is calculated from the average curve nurfdrethe gaged watershed. Next,
the daily historic flows at the gage are convettedepth basis (as used in equations 1
and 3) by dividing by its drainage area, then cot@eeto inches. Equation 3 is then
solved for daily precipitation depth of the gag&e,sPgaged. The daily precipitation
depth for the ungaged site is then calculated @ptécipitation depth of the gaged site
multiplied by the ratio of the long-term averagegpitation in the watersheds of the
ungaged and gaged sites:
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M
_ ungaged
Pungaged - gager{ M j (5)

gaged

where M is the mean annual precipitation of theensited in inches. The daily
precipitation depth for the ungaged watershed,gieith the average curve number of
the ungaged watershed, are then used to calchiateepth equivalent daily flow Q of
the ungaged site. Finally, the volumetric flowerat the ungaged site is calculated by
multiplying by the area of the watershed of theageyl site and converted to cubic feet.

In a subsequent study (Wurbs 2006), Wurbs evalutitedpredictive ability of
various flow distribution methods including:

» Distribution of flows in proportion to drainage are

* Flow distribution equation with ratios for varioustershed parameters;
* Modified NRCS curve-number method;

* Regression equations relating flows to watershedadteristics;

» Use of recorded data at gaging stations to devgbopcipitation-runoff
relationships; and

» Use of watershed (precipitation-runoff) computerdels such as SWAT.

As a part of the analysis, the methods were usegrddict flows at one gaged
station to another gage station so that fit stetistould be calculated to evaluate the
efficacy of each of the methods. Based upon sindlalyses performed for many
gaged sites which reinforced the tests performepagisof the study, Wurbs observed
that temporal variations in flows are dramatic,giag from zero flows to major floods.
Mean flows are reproduced reasonably well withahdlow distribution methods and
the NRCS CN method reproduces the mean closesuracg in predicting mean flows
is much better than the accuracy of predicting fluev-frequency relationship.
Performance in reproducing flow-frequency relathops is better than for reproducing
flows for individual flows.

Wurbs concluded that the NRCS CN method, the dgairerea ratio method, and
drainage area — CN — mean annual precipitationhd@dP) ratio methods all yield
similar levels of accuracy. If the CN and MP dre same for the gaged and ungaged
watersheds, the three alternative methods yieldticl results. Drainage area is the
most important watershed parameter. However, tRCSI method adaptation is
preferable in those situations in which differenae<N (land use and soil type) and
long-term MP are significantly different betweere thaged and ungaged watersheds.
The CN and MP are usually similar but not identical

Generalized Flow Projection Methodology

In the first several versions of the Oklahoma TMidblbox, all flows at ungaged
sites that required projection from a gaged siteewgerformed with the Modified
NRCS CN method. This led a number of problems \@iv projections in the early
versions. As described previously, the NRCS methedcommon with all others,
reproduces the mean or central tendency best lutaticuracy of the fit degrades
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towards the extremes of the frequency spectrumit d?éhe degradation in accuracy is
due to the quite non-linear nature of the NRCS gouns. On the low flow end of the
frequency spectrum, Equation 2 above constitutésvaflow limit below which the
NRCS equations are not applicable at all. Givenfthshy nature of most streams in
locations for which the toolbox was developed, hagldl low flows are relatively more
common and spurious results from the limits oféhaations abounded.

In an effort to increase the flow prediction efftgaand remedy the failure of the
NRCS CN method at the extremes of the flow spectrarhybrid of the NRCS CN
method and the Furness method was developed. dNthie facts that all tested
projection methods, and particularly the NRCS CNthod, perform best near the
central tendency or mean and that none of the rdstpredict the entire flow frequency
spectrum well, an assumption that is implicit i thurness method is applied. The
Furness method implicitly assumes that the shapiefflow frequency curve at an
upstream site is related to and similar to the shaphe flow frequency curve at a site
downstream.  As described previously, the Furnessthoad employs several
relationships derived between the mean flows aoddlat differing frequencies to
replicate the shape of the flow frequency curvehat projected site, while utilizing
other regressed relationships to scale the magnifidhe curve. Since, as part of the
toolbox calculations, the entire flow frequencyvaiat a 1% interval is calculated for
every USGS gage utilizing very long periods of rel¢dhis vector in association with
the mean flow was used to project the flow freqyenave.

In the ideal situation flows are projected from angaged location from a
downstream gaged location. The toolbox also hasé#pability to project flows from
and upstream gaged location if there is no usedbMastream gage.

iii) In the rare case where no coincident flow dataaaeslable for a WQM station amib
gages are present upstream or downstream, flowsbwilestimated for the WQM
station from a gage on an adjacent watershed dlfesigize and properties, via the same
procedure described above for upstream or dowmstgzaes.
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Estimated Flow Exceedance Percentiles

WBID 0OK310840020020_00 OK310840020010_00 0OK310840010010_00 OK310830030010_00 OK310830020060_10 OK310830020020_00 0K310830010010_00 0K310810040140_00 0K310810020010_00 0K310810010190_00 0OK310810010050_00 0OK310810010010_10 0K 310800020040_00 0OK310800020010_00
ProjGage 2575 3680 2788 2590 2575 2575 2589 2861 2860 2859 2859 2860 2859 2625
Area (sq. mile) 39.0 3145 96.5 116.2 158.6 48.5 35.5 31.3 68.3 20.5 11.9 60.6 16.2 59.0
CN 66.9 58.7 69.3 72.7 76.1 74.4 70.2 67.6 70.7 68.7 70.4 73.8 63.7 67.2
Rain (inch) 27.0 25.7 28.1 30.5 30.1 30.9 32.6 35.9 36.7 38.9 39.4 38.6 39.3 40.4
ProjType A U U D A A U D D U A U A U
NN 8612 20612 14002 12258 31343 8612 7989 11160 22920 1009 1009 22920 1009 11413
QAQC AD:2575:07325800,A;- |U:3680:07316500,+CN,|U:2788:07324200,+CN,| D:2590:07325500,+C| AU:2575:07325800,A;- | AD:2575:07325800,A;- |U:2589:07326500,+CN,| D:2861:07329700,+C | D:2860:07328500,+C |U:2859:07328550,+CN,[ AU:2859:07328550,A;- |U:2860:07328500,+CN,| AU:2859:07328550,A;- [U:2625:07331000,+CN,
CN,-R,USG:0 +R +R N,+R,USG:+N CN,-R CN,-R,USG:0 +R N,+R,USG:0 N,+R,USG:++N +R CN,-R +R CN,-R +R
Percentile Q (cfs) Q (cfs) Q (cfs) Q (cfs) Q (cfs) Q (cfs) Q (cfs) Q (cfs) Q (cfs) Q (cfs) Q (cfs) Q (cfs) Q (cfs) Q (cfs)
0 2,918.43 55,907.07 10,765.99 3,748.26 5,884.14 2,967.48 49,588.20 1,452.12 34,478.86 216.37 404.39 48,536.54 340.16 94,400.00
1 249.04 2,775.53 1,753.81 465.08 502.11 253.22 6,537.23 202.22 7,325.73 99.60 186.15 10,312.56 156.58 19,500.00
2 158.76 1,506.72 1,126.21 303.68 320.10 161.43 4,485.30 131.23 5,341.33 81.28 151.91 7,519.09 127.78 13,200.00
3 99.62 1,007.12 890.55 230.42 200.85 101.29 3,577.72 95.73 4,175.50 53.81 100.56 5,877.93 84.59 9,940.00
4 72.38 793.01 734.27 189.01 145.93 73.59 2,998.97 74.76 3,431.35 33.20 62.05 4,830.38 52.19 8,150.00
5 55.26 658.20 617.68 152.90 111.41 56.18 2,551.75 61.31 2,926.98 26.33 49.21 4,120.37 41.39 6,890.00
6 45.14 578.90 533.34 129.54 91.01 45.90 2,222.92 52.71 2,538.37 21.75 40.65 3,573.31 34.20 6,050.00
7 38.13 523.39 468.84 114.68 76.89 38.78 1,973.01 44.64 2,257.25 19.46 36.37 3,177.57 30.60 5,390.00
8 35.02 475.80 424.19 100.98 70.61 35.61 1,723.09 38.88 2,017.47 17.17 32.09 2,840.03 27.00 4,860.00
9 31.91 436.15 384.50 90.57 64.33 32.44 1,591.56 34.15 1,835.57 14.88 27.82 2,583.96 23.40 4,350.00
10 29.57 404.43 344.81 82.50 59.63 30.07 1,486.33 30.44 1,686.74 12.59 23.54 2,374.45 19.80 3,990.00
11 28.02 380.64 317.52 76.03 56.49 28.49 1,367.95 27.21 1,570.98 11.10 20.75 2,211.50 17.46 3,640.00
12 27.24 364.78 295.20 69.87 54.92 27.70 1,273.25 24.58 1,455.22 9.27 17.33 2,048.54 14.58 3,350.00
13 25.68 348.92 275.35 64.45 51.78 26.11 1,187.75 22.37 1,356.00 9.04 16.90 1,908.87 14.22 3,090.00
14 24.90 325.13 260.47 59.57 50.21 25.32 1,114.09 20.28 1,256.78 8.24 15.41 1,769.20 12.96 2,870.00
15 24.13 317.20 248.06 55.53 48.64 24.53 1,048.32 18.66 1,190.64 7.67 14.34 1,676.08 12.06 2,680.00
16 23.35 301.34 235.66 51.50 47.07 23.74 975.98 17.21 1,116.22 6.98 13.05 1,571.33 10.98 2,520.00
17 23.35 285.48 223.26 48.10 47.07 23.74 922.05 15.76 1,066.61 6.64 12.41 1,501.49 10.44 2,370.00
18 22.57 269.62 213.34 44.92 45.50 22.95 866.81 14.63 1,008.73 6.30 11.77 1,420.01 9.90 2,250.00
19 21.79 261.69 200.93 42.26 43.93 22.16 812.88 13.61 950.86 5.95 11.13 1,338.54 9.36 2,140.00
20 21.79 245.83 191.01 39.39 43.93 22.16 781.31 12.53 901.25 5.72 10.70 1,268.70 9.00 2,010.00
21 21.01 237.90 186.05 37.16 42.37 21.37 735.27 11.72 851.64 5.38 10.06 1,198.86 8.46 1,910.00
22 20.23 229.97 178.61 34.83 40.80 20.57 698.44 10.92 800.37 5.15 9.63 1,126.70 8.10 1,810.00
23 20.23 222.04 173.65 32.49 40.80 20.57 657.67 10.27 764.82 4.69 8.77 1,076.65 7.38 1,710.00
24 19.46 214.11 166.20 30.69 39.23 19.78 626.10 9.68 727.61 4.58 8.56 1,024.27 7.20 1,620.00
25 19.46 206.18 161.24 28.88 39.23 19.78 590.59 9.14 698.67 4.35 8.13 983.53 6.84 1,540.00
26 18.68 198.25 156.28 27.18 37.66 18.99 562.96 8.66 669.73 4.12 7.70 942.80 6.48 1,470.00
27 18.68 190.32 148.84 26.23 37.66 18.99 534.03 8.23 642.45 3.66 6.85 904.39 5.76 1,400.00
28 17.90 182.39 143.88 24.85 36.09 18.20 510.35 7.80 613.51 3.43 6.42 863.65 5.40 1,350.00
29 17.90 174.46 138.92 23.68 36.09 18.20 486.67 7.26 590.36 3.43 6.42 831.06 5.40 1,290.00
30 17.12 166.53 133.95 22.62 34.52 17.41 465.63 6.83 567.21 3.21 5.99 798.47 5.04 1,230.00
31 17.12 158.60 128.99 21.66 34.52 17.41 449.85 6.40 544.88 3.09 5.78 767.04 4.86 1,190.00
32 17.12 158.60 124.03 20.92 34.52 17.41 432.75 6.02 523.38 2.86 5.35 736.78 4.50 1,140.00
33 16.34 150.67 121.55 20.17 32.95 16.62 419.59 5.65 506.02 2.75 5.14 712.33 4.32 1,090.00
34 16.34 142.74 116.59 19.54 32.95 16.62 405.12 5.32 490.31 2.63 4.92 690.22 4.14 1,050.00
35 16.34 142.74 114.11 18.90 32.95 16.62 388.02 5.06 474.60 2.63 4.92 668.10 4.14 1,010.00
36 15.56 134.81 109.15 18.26 31.38 15.83 377.50 4.79 458.89 2.40 4.49 645.99 3.78 960.00
37 15.56 126.88 106.67 17.63 31.38 15.83 364.35 4.57 444.84 2.29 4.28 626.20 3.60 928.00
38 15.56 126.88 101.71 17.20 31.38 15.83 352.51 4.36 431.61 2.29 4.28 607.58 3.60 896.00
39 14.79 118.95 99.23 16.67 29.81 15.04 341.99 4.14 420.86 2.06 3.85 592.45 3.24 870.00
40 14.79 118.95 94.26 16.14 29.81 15.04 332.78 3.93 410.11 1.95 3.64 577.32 3.06 832.00
41 14.79 111.02 91.78 15.72 29.81 15.04 323.57 3.76 397.71 1.83 3.42 559.86 2.88 805.00
42 14.01 111.02 86.82 15.29 28.24 14.24 314.37 3.60 387.78 1.72 3.21 545.89 2.70 780.00
43 14.01 103.09 84.34 14.87 28.24 14.24 305.16 3.44 377.04 1.72 3.21 530.76 2.70 755.00
44 14.01 95.16 81.86 14.55 28.24 14.24 297.27 3.28 367.94 1.60 3.00 517.96 2.52 730.00
45 13.23 95.16 76.90 14.23 26.67 13.45 289.37 3.12 358.84 1.49 2.78 505.15 2.34 705.00
46 13.23 87.23 74.42 13.80 26.67 13.45 281.48 3.01 349.75 1.37 2.57 492.35 2.16 686.00
47 13.23 87.23 71.94 13.38 26.67 13.45 274.91 2.85 339.00 1.37 2.57 477.22 2.16 665.00
48 12.45 79.30 69.46 13.06 25.11 12.66 268.33 2.74 330.73 1.26 2.35 465.58 1.98 646.00
49 12.45 76.13 66.98 12.74 25.11 12.66 263.07 2.64 321.64 1.26 2.35 452.77 1.98 628.00
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Washita River Bacteria and Turbidity TMDLSs

Appendix B

WBID 0OK310840020020_00 0OK310840020010_00 OK310840010010_00 OK310830030010_00 0OK310830020060_10 0OK310830020020_00 0OK310830010010_00 0OK310810040140_00 OK310810020010_00 OK310810010190_00 OK310810010050_00 OK310810010010_10 OK310800020040_00 0OK310800020010_00
ProjGage 2575 3680 2788 2590 2575 2575 2589 2861 2860 2859 2859 2860 2859 2625
Area (sq. mile) 39.0 3145 96.5 116.2 158.6 485 355 31.3 68.3 20.5 11.9 60.6 16.2 59.0
CN 66.9 58.7 69.3 72.7 76.1 74.4 70.2 67.6 70.7 68.7 70.4 73.8 63.7 67.2
Rain (inch) 27.0 25.7 28.1 30.5 30.1 30.9 32.6 35.9 36.7 38.9 39.4 38.6 39.3 40.4
ProjType A u U D A A u D D u A U A U
NN 8612 20612 14002 12258 31343 8612 7989 11160 22920 1009 1009 22920 1009 11413
0AQC AD:2575:07325800,A;- |U:3680:07316500,+CN,|U:2788:07324200,+CN,| D:2590:07325500,+C| AU:2575:07325800,A;- | AD:2575:07325800,A;- |U:2589:07326500,+CN,| D:2861:07329700,+C | D:2860:07328500,+C|U:2859:07328550 +CN,| AU:2859:07328550,A;- |U:2860:07328500,+CN,| AU:2859:07328550,A;- |U:2625:07331000,+CN|
CN,-R,USG:0 +R +R N,+R,USG:+N CN-R CN,-R,USG:0 +R N_+R,USG:0 N,+R,USG:++N +R CN,-R +R CN.-R +R
Percentile Q (cfs) Q (cfs) Q(cfs) Q (cfs) Q (cfs) Q (cfs) Q (cfs) Q (cfs) Q (cfs) Q (cfs) Q (cfs) Q (cfs) Q (cfs) Q (cfs)
50 12.45 71.37 64.50 12.32 2511 12.66 255.18 2.53 312.54 1.14 2.14 439.97 1.80 607.00
51 12.45 66.61 62.02 12.00 2511 12.66 248.60 2.42 304.27 1.14 2.14 42833 1.80 590.00
52 11.67 63.44 59.54 11.68 23.54 11.87 242.02 2.31 296.01 1.14 2.14 416.69 1.80 571.00
53 11.67 59.48 57.05 11.36 23.54 11.87 236.76 2.21 286.91 1.09 2.03 403.89 1.71 551.00
54 11.67 55.51 54.57 11.04 23.54 11.87 230.18 2.10 279.47 1.03 1.93 393.41 1.62 537.00
55 10.90 52.34 52.09 10.72 21.97 11.08 223.61 1.99 272.03 1.03 1.93 382.94 1.62 520.00
56 10.90 48.37 52.09 10.41 21.97 11.08 215.72 1.94 262.93 1.03 1.93 370.13 1.62 508.00
57 10.90 45.20 49.61 10.09 21.97 11.08 210.45 1.88 253.01 1.03 1.93 356.17 1.62 493.00
58 10.12 41.24 4713 0.77 20.40 10.29 206.51 1.77 246.40 0.92 1.71 346.86 1.44 480.00
59 10.12 38.86 44.65 9.45 20.40 10.29 201.25 1.72 238.13 0.92 1.71 335.22 1.44 468.00
60 10.12 35.69 4217 9.24 20.40 10.29 197.30 1.61 23151 0.92 1.71 325.90 1.44 455.00
61 10.12 3251 39.69 8.92 20.40 10.29 193.35 1.56 224.90 0.89 1.67 316.59 1.40 442.00
62 10.12 30.13 37.21 8.71 20.40 10.29 189.41 1.51 219.11 0.84 1.56 308.45 1.31 430.00
63 9.34 27.76 37.21 8.49 18.83 9.50 185.46 1.45 211.67 0.80 1.50 297.97 1.26 417.00
64 9.34 24.58 34.73 8.18 18.83 9.50 180.20 1.34 206.71 0.77 1.43 290.99 1.21 405.00
65 9.34 23.00 32.25 7.96 18.83 9.50 176.26 1.29 200.92 0.69 1.28 282.84 1.08 394.00
66 9.34 20.62 29.77 7.75 18.83 9.50 170.99 1.24 195.13 0.58 1.09 274.69 0.92 381.00
67 9.34 18.24 29.77 7.43 18.83 9.50 165.73 1.18 188.52 0.57 1.07 265.38 0.90 370.00
68 8.56 15.86 27.29 7.33 17.26 8.70 161.79 1.13 182.73 0.48 0.90 257.23 0.76 355.00
69 8.56 14.27 24.81 7.01 17.26 8.70 157.84 1.08 176.94 0.46 0.86 249.08 0.72 342.00
70 8.56 11.90 24.31 6.80 17.26 8.70 153.89 1.02 171.98 0.46 0.86 242.10 0.72 330.00
71 8.56 8.72 2257 6.58 17.26 8.70 152.58 0.97 166.19 0.46 0.86 233.95 0.72 317.00
72 7.78 6.58 2133 6.37 15.69 7.91 148.63 0.91 161.23 0.46 0.86 226.97 0.72 305.00
73 7.78 4.76 19.85 6.26 15.69 7.91 144.69 0.86 155.44 0.46 0.86 218.82 0.72 295.00
74 7.78 3.17 18.36 6.05 15.69 7.91 140.74 0.81 149.66 0.46 0.86 210.67 0.72 285.00
75 7.63 1.59 16.62 5.84 15.38 7.76 138.11 0.75 144.70 0.42 0.79 203.69 0.67 275.00
76 7.47 0.63 15.13 5.73 15.06 7.60 134.16 0.75 139.73 0.41 0.77 106.71 0.65 266.00
77 7.32 0.00 13.40 5.52 14.75 7.44 131.53 0.70 134.77 0.35 0.66 189.72 0.56 258.00
78 7.00 0.00 11.41 5.31 14.12 7.12 127.59 0.65 130.64 0.33 0.62 183.90 0.52 250.00
79 6.93 0.00 9.92 5.20 13.97 7.04 123.64 0.59 125.68 0.29 0.53 176.92 0.45 241.00
80 6.69 0.00 8.43 4.99 13.49 6.81 119.70 0.59 120.72 0.26 0.49 169.94 0.41 232.00
81 6.54 0.00 6.95 4.78 13.18 6.65 115.75 0.53 117.41 0.25 0.47 165.28 0.40 224.00
82 6.30 0.00 5.71 4.67 12.71 6.41 111.80 0.48 113.28 0.24 0.45 159.46 0.38 215.00
83 6.07 0.00 471 4.46 12.24 6.17 106.54 0.44 108.31 0.23 0.43 152.48 0.36 207.00
84 5.84 0.00 3.47 4.25 11.77 5.93 102.60 0.40 105.01 0.22 0.41 147.82 0.34 200.00
85 5.60 0.00 2.73 4.03 11.30 5.70 98.65 0.36 100.05 0.21 0.39 140.84 0.32 192.00
86 5.37 0.00 1.98 3.82 10.83 5.46 96.02 0.32 95.91 0.19 0.36 135.02 0.31 183.00
87 5.14 0.00 1.51 3.61 10.36 522 92.07 0.29 90.95 0.18 0.34 128.03 0.29 175.00
88 4.83 0.00 1.12 3.40 9.73 491 89.44 0.26 85.99 0.17 0.32 121.05 0.27 166.00
89 459 0.00 0.79 3.29 9.26 467 84.18 0.24 80.20 0.15 0.28 112.90 0.23 157.00
90 4.20 0.00 0.57 3.08 8.47 4.27 80.24 0.21 75.24 0.14 0.26 105.92 0.22 147.00
91 3.89 0.00 0.40 2.87 7.85 3.96 76.29 0.19 69.45 0.14 0.26 97.77 0.22 136.00
92 3.74 0.00 0.27 2.65 753 3.80 72.34 0.16 63.67 0.11 0.21 89.62 0.18 121.00
93 3.50 0.00 0.10 2.44 7.06 3.56 67.08 0.13 58.71 0.11 0.21 82.64 0.18 108.00
94 3.27 0.00 0.00 2.23 6.59 3.32 63.14 0.11 52.92 0.10 0.19 74.49 0.16 98.00
95 2.88 0.00 0.00 2.02 5.81 2.93 57.87 0.09 47.13 0.08 0.15 66.34 0.13 87.00
926 2.65 0.00 0.00 1.81 5.33 2.69 52.61 0.07 40.51 0.07 0.13 57.03 0.11 77.00
97 2.33 0.00 0.00 1.49 471 2.37 46.04 0.05 30.59 0.05 0.09 43.07 0.07 62.00
98 1.87 0.00 0.00 1.17 3.77 1.90 36.83 0.02 20.67 0.03 0.06 29.10 0.05 41.00
99 1.01 0.00 0.00 0.69 2.04 1.03 23.68 0.01 7.44 0.02 0.04 10.48 0.04 17.00
100 0.00 0.00 0.00 0.0001 0.75 0.00 0.68 0.00 0.5 0.00 0.00 0.00 0.00 6.1
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Washita River Bacteria and Turbidity TMDLs Appendix C

APPENDIX C

NPDES DISCHARGE MONITORING REPORT DATA
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Washita River Bacteria and Turbidity TMDLs Appendix C
NPDES Discharge Monitoring Data Report
. oo Maximum | Average Max TSS Avgerage TSS
NPDEl\?OF.’ermlt Mog;?:ng Flow F|OV\;q Concentration Co%cenq[ration

(mgd) (MGD) (mg/L) (mg/L)

OK0001295 10/31/2007 1.12 0.07 12 9

OK0001295 9/30/2007 0.18 0.01 19 14

OK0001295 8/31/2007 1.22 0.07 23 16

OK0001295 7/31/2007 1.21 0.18 19 14

OK0001295 6/30/2007 1.22 0.36 32 17

OK0001295 5/31/2007 1.2 0.25 28 19

OK0001295 4/30/2007 1.15 0.16 36 25

OK0001295 3/31/2007 0.59 0.03 34 22

OK0001295 2/28/2007 0.25 0.01 31 18

OK0001295 1/31/2007 1.14 0.16 32 22

OK0001295 12/31/2006 1.13 0.073

OK0001295 11/30/2006 0.686 0.043

OK0001295 10/31/2006 1.15 0.135

OK0001295 9/30/2006 NR NR

OK0001295 8/31/2006 NR NR

OK0001295 7/31/2006 0.92 0.06

OK0001295 6/30/2006 0.97 0.03

OK0001295 5/31/2006 2 0.16

OK0001295 4/30/2006 0 0.02

OK0001295 3/31/2006 2 0.18

OK0001295 2/28/2006 NR NR

OK0001295 1/31/2006 NR NR

OK0001295 12/31/2005 NR NR

OK0001295 11/30/2005 NR NR

OK0001295 10/31/2005 1.151 0.064

OK0001295 9/30/2005 1.097 0.07

OK0001295 8/31/2005 1.092 0.206

OK0001295 7/31/2005 1.201 0.102

OK0001295 6/30/2005 1.184 0.091

OK0001295 5/31/2005 0.689 0.022

OK0001295 4/30/2005 0.229 0.008

OK0001295 3/31/2005 0.358 0.025

OK0001295 2/28/2005 0.554 0.018

OK0001295 1/31/2005 0.76 0.105

OK0001295 12/31/2004 0.519 0.058

OK0001295 11/30/2004 1.22 0.165

OK0000639 7/31/2008 0.93 0.68 17 16

OK0000639 6/30/2008 0.95 0.69 15.5 14.75

OK0000639 5/31/2008 0.64 0.45 17 15

OK0000639 4/30/2008 0.58 0.34 33 19.25

OK0000639 3/31/2008 0.28 0.2 8 7

OK0000639 2/29/2008 0.36 0.23 9 7
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Washita River Bacteria and Turbidity TMDLs Appendix C
NPDES Permit Monitoring Maximum | Average Max TSS_ Avgerage T_SS
NO. Date Flow Flow Concentration | Concentration

(mgd) (MGD) (mg/L) (mg/L)

OKO0000639 1/31/2008 0.39 0.26 18 16.5

OKO0000639 12/31/2007 0.47 0.31 31 22.5

OKO0000639 11/30/2007 0.6 0.4 24 18.5

OKO0000639 10/31/2007 0.66 0.36 16 14.5

OKO0000639 9/30/2007 0.58 0.42 16 12

OKO0000639 8/31/2007 1.03 0.61 30 20.75

OKO0000639 7/31/2007 0.76 0.54 16 15

OKO0000639 6/30/2007 1.66 0.64 17 11.5

OKO0000639 5/31/2007 0.95 0.55 21 13.25

OKO0000639 4/30/2007 0.77 0.5 22 215

OKO0000639 3/31/2007 0.52 0.29 22 215

OKO0000639 2/28/2007 0.48 0.26 16.5 14.75

OKO0000639 1/31/2007 0.51 0.36 19.5 17.25

OKO0000639 12/31/2006 0.51 0.33

OKO0000639 11/30/2006 0.69 0.32

OKO0000639 10/31/2006 1.12 0.38

OKO0000639 9/30/2006 0.64 0.44

OKO0000639 8/31/2006 0.8 0.57

OKO0000639 7/31/2006 0.76 0.56

OKO0000639 6/30/2006 0.76 0.54

OKO0000639 5/31/2006 0.83 0.46

OKO0000639 4/30/2006 0.73 0.44

OK0000639 3/31/2006 0.5 0.31

OKO0000639 2/28/2006 0.69 0.35

OKO0000639 1/31/2006 0.32 0.23

OKO0000639 12/31/2005 0.69 0.25

OKO0000639 11/30/2005 0.35 0.26

OKO0000639 10/31/2005 0.45 0.3

OKO0000639 9/30/2005 0.5 0.39

OKO0000639 8/31/2005 0.78 0.44

OKO0000639 7/31/2005 0.56 0.41

OKO0000639 6/30/2005 0.62 0.32

OKO0000639 5/31/2005 0.56 0.26

OKO0000639 4/30/2005 0.53 0.25

OKO0000639 3/31/2005 0.22 0.13

OKO0000639 2/28/2005 0.25 0.14

OKO0000639 1/31/2005 0.2 0.2

OKO0000639 12/31/2004 0.22 0.1

OKO0000639 11/30/2004 0.27 0.15

OKO0000639 10/31/2004 0.41 0.27

OKO0000639 9/30/2004 0.69 0.37

OKO0000639 8/31/2004 0.8 0.36

OKO0000639 7/31/2004 0.59 0.32
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Washita River Bacteria and Turbidity TMDLs Appendix C
NPDES Permit Monitoring Maximum | Average Max TSS_ Avgerage T_SS
NO. Date Flow Flow Concentration | Concentration
(mgd) (MGD) (mg/L) (mg/L)

OKO0000639 6/30/2004 0.53 0.29

OKO0000639 5/31/2004 0.75 0.3

OKO0000639 4/30/2004 0.62 0.29

OKO0000639 3/31/2004 0.4 0.24

OKO0000639 2/29/2004 0.28 0.19

OKO0000639 1/31/2004 0.64 0.27

OKO0000639 12/31/2003 0.73 0.2

OKG950036 7/31/2008 NR NR

OKG950036 6/30/2008 NR NR

OKG950036 5/31/2008 NR NR

OKG950036 4/30/2008 43.3541 | 43.3541 28 28
OKG950036 3/31/2008 0.5386 0.5386 4 4
OK0000124 6/30/2008 0.034483 | 0.01517

OK0000124 5/31/2008 0.045706 0.0198 11 11
OK0000124 4/30/2008 0.026265 | 0.015711

OK0000124 3/31/2008 0.021226 | 0.013866

OK0000124 2/29/2008 0.024187 | 0.01187

OK0000124 1/31/2008 0.035471 | 0.010217

OK0000124 12/31/2007 0.015941 | 0.010485

0OK0000124 11/30/2007 0.027164 | 0.012055

0OK0000124 10/31/2007 0.029282 | 0.018145

0OK0000124 9/30/2007 0.047175 | 0.01828

0OK0000124 8/31/2007 0.038136 | 0.025059

0OK0000124 7/31/2007 0.036797 | 0.02213

0OK0000124 6/30/2007 0.048285 | 0.021825

OK0000124 5/31/2007 0.036096 | 0.021389

OK0000124 4/30/2007 0.036801 | 0.02118

OK0000124 3/31/2007 0.061347 | 0.015152

OK0000124 2/28/2007 0.017718 | 0.012492

OK0000124 1/31/2007 0.018474 | 0.00994

OK0000124 12/31/2006 0.023612 | 0.011001

0OK0000124 11/30/2006 0.02948 | 0.014515

0OK0000124 10/31/2006 0.030192 | 0.01326

0OK0000124 9/30/2006 0.050505 | 0.024247

0OK0000124 8/31/2006 0.050505 | 0.024247

0OK0000124 7/31/2006 0.05738 | 0.015145

0OK0000124 6/30/2006 0.037463 | 0.025678

OK0000124 5/31/2006 0.039268 | 0.017752

OK0000124 4/30/2006 0.02238 | 0.016058

OK0000124 3/31/2006 0.024033 | 0.013375

OK0000124 2/28/2006 0.020141 | 0.013291

OK0000124 1/31/2006 0.020363 | 0.011379

OK0000124 12/31/2005 0.02148 | 0.010946
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Washita River Bacteria and Turbidity TMDLs Appendix C
NPDES Permit Monitoring Maximum | Average Max TSS Avgerage T_SS
NO. Date Flow Flow Concentration | Concentration

(mgd) (MGD) (mg/L) (mg/L)

OK0000124 11/30/2005 0.016692 | 0.012767

OK0000124 10/31/2005 0.021365 | 0.013603

OK0000124 9/30/2005 0.024122 | 0.018801

OK0000124 8/31/2005 0.050304 | 0.020866

OK0000124 7/31/2005 0.046265 | 0.018743

OK0000124 6/30/2005 0.030491 | 0.018307

0OK0000124 5/31/2005 0.022414 | 0.014426

0OK0000124 4/30/2005 0.040783 | 0.019229

0OK0000124 3/31/2005 0.026393 | 0.013279

0OK0000124 2/28/2005 0.020456 | 0.012719

0OK0000124 1/31/2005 0.022695 | 0.010438

0OK0000124 12/31/2004 0.018309 | 0.010632

OK0000124 11/30/2004 0.017251 | 0.01241

OK0000124 10/31/2004 0.042997 | 0.014139

OK0000124 9/30/2004 0.030994 | 0.022251

OK0000124 8/31/2004 0.031662 | 0.022193

OK0000124 7/31/2004 0.033525 | 0.02223

OK0000124 6/30/2004 0.030461 | 0.020647

OK0000124 5/31/2004 0.030774 | 0.020199

0OK0000124 4/30/2004 0.032029 | 0.017623

0OK0000124 3/31/2004 0.036772 | 0.015467

0OK0000124 2/29/2004 0.016272 | 0.011547

0OK0000124 1/31/2004 0.020234 | 0.01164

0OK0000124 12/31/2003 0.024146 | 0.016537

0OK0000124 11/30/2003 0.042692 | 0.018652

OK0000124 10/31/2003 0.035157 | 0.021169

OK0000124 9/30/2003 0.042144 | 0.023081

OK0000124 8/31/2003 0.051763 | 0.027745

OK0000124 7/31/2003 0.049749 | 0.02331

0OK0044288 6/30/2008 0.317 0.16 7 6

0OK0044288 5/31/2008 0.279 0.17 9.3 9.15

0OK0044288 4/30/2008 0.309 0.202 12.5 8.75

0OK0044288 3/31/2008 0.558 0.24 < 50 < 50

0OK0044288 2/29/2008 0.955 0.322 < 50 < 50

0OK0044288 1/31/2008 0.93 0.338 < 50 < 50

0OK0044288 12/31/2007 0.85 0.309 6 5

0OK0044288 11/30/2007 1.04 0.338 35 3

0OK0044288 10/31/2007 0.77 0.274 5 3.5

0OK0044288 9/30/2007 0.553 0.262 7.5 3.75

0OK0044288 8/31/2007 0.633 0.298 11 7.75

0OK0044288 7/31/2007 0.508 0.274 7.5 5.3

0OK0044288 6/30/2007 0.404 0.231 55 55

0OK0044288 5/31/2007 0.377 0.2 18 13

OFT Washita THL Report 061610 docx C-4 FINAL

August 2010




Washita River Bacteria and Turbidity TMDLs

Appendix C

NPDES Permit Monitoring Maximum | Average Max TSS Avgerage T_SS
NoO Date Flow Flow Concentration | Concentration
' (mgd) (MGD) (mg/L) (mgl/L)
OKG950033 7/31/2008 NR NR
OKG950033 6/30/2008 1.8465 1.8465
OKG950033 5/31/2008 NR NR
OKG950033 4/30/2008 NR NR
OKG950033 3/31/2008 3.2314 3.2314
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APPENDIX D

STATE OF OKLAHOMA ANTIDEGRADATION POLICY
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Appendix D
State of Oklahoma Antidegradation Policy

785:45-3-1. Purpose; Antidegradation policy statenm

(a) Waters of the state constitute a valuable mesoand shall be protected, maintained
and improved for the benefit of all the citizens.

(b) It is the policy of the State of Oklahoma tmtect all waters of the state from
degradation of water quality, as provided in OAG:48-3-2 and Subchapter 13 of
OAC 785:46.

785:45-3-2. Applications of antidegradation policy

(@) Application to outstanding resource waters (ORWertain waters of the state
constitute an outstanding resource or have exaggti@creational and/or ecological
significance. These waters include streams de®dndcenic River" or "ORW" in
Appendix A of this Chapter, and waters of the Statated within watersheds of
Scenic Rivers. Additionally, these may include watlcated within National and
State parks, forests, wilderness areas, wildlifenagament areas, and wildlife
refuges, and waters which contain species listeduaut to the federal Endangered
Species Act as described in 785:45-5-25(c)(2)(A) @85:46-13-6(c). No degradation
of water quality shall be allowed in these waters.

(b) Application to high quality waters (HQW). It iscognized that certain waters of the
state possess existing water quality which excélease levels necessary to support
propagation of fishes, shellfishes, wildlife, artreation in and on the water. These
high quality waters shall be maintained and preigct

(c) Application to beneficial uses. No water kifyadegradation which will interfere with
the attainment or maintenance of an existing oigdesed beneficial use shall be
allowed.

(d) Application to improved waters. As the qtiabf any waters of the state improve, no
degradation of such improved waters shall be altbwe

785:46-13-1. Applicability and scope

(@ The rules in this Subchapter provide a framgwdor implementing the
antidegradation policy stated in OAC 785:45-3-2 &r waters of the state. This
policy and framework includes three tiers, or lsyelf protection.

(b) The three tiers of protection are as follows
(1) Tier 1. Attainment or maintenance of an exgptim designated beneficial use.

(2) Tier 2. Maintenance or protection of High QtialWaters and Sensitive Public
and Private Water Supply waters.

(3) Tier 3. No degradation of water quality allava Outstanding Resource Waters.

(c) In addition to the three tiers of protectidmstSubchapter provides rules to implement
the protection of waters in areas listed in Appeni of OAC 785:45. Although
Appendix B areas are not mentioned in OAC 785:45-3he framework for
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(d)

(e)

protection of Appendix B areas is similar to theplementation framework for the
antidegradation policy.

In circumstances where more than one benefios¢ limitation exists for a
waterbody, the most protective limitation shall lgppor example, all antidegradation
policy implementation rules applicable to Tier 1lterdodies shall be applicable also
to Tier 2 and Tier 3 waterbodies or areas, andemphtation rules applicable to Tier
2 waterbodies shall be applicable also to Tier 8vimdies.

Publicly owned treatment works may use dedigw,fmass loadings or concentration,
as appropriate, to calculate compliance with tlvegased loading requirements of this
section if those flows, loadings or concentratiovere approved by the Oklahoma
Department of Environmental Quality as a portion Qiflahoma's Water Quality
Management Plan prior to the application of the QRIQW or SWS limitation.

785:46-13-2. Definitions

The following words and terms, when used in thib@apter, shall have the following
meaning, unless the context clearly indicates otisex.

"Specified pollutants” means

(A)

(B)
(©)
(D)
(E)

Oxygen demanding substances, measured as Gabous Biochemical Oxygen
Demand (CBOD) and/or Biochemical Oxygen Demand (BOD

Ammonia Nitrogen and/or Total Organic Nitrogen;
Phosphorus;
Total Suspended Solids (TSS); and

Such other substances as may be determinedhébyOklahoma Water Resources
Board or the permitting authority.

785:46-13-3. Tier 1 protection; attainment or mainénance of an existing or designated
beneficial use

(@ General.

(1) Beneficial uses which are existing or desigdashall be maintained and
protected.

(2) The process of issuing permits for discharges/aters of the state is one of
several means employed by governmental agenciesféexted persons which
are designed to attain or maintain beneficial wgbgh have been designated
for those waters. For example, Subchapters 3, 8,and 11 of this Chapter are
rules for the permitting process. As such, theefatbubchapters not only
implement numerical and narrative criteria, butaisiplement Tier 1 of the
antidegradation policy.

(b) Thermal pollution. Thermal pollution shall Ipeohibited in all waters of the state.
Temperatures greater than 52 degrees Centigradlecsatitute thermal pollution
and shall be prohibited in all waters of the state.

(c) Prohibition against degradation of improvedtaevs. As the quality of any waters of
the state improves, no degradation of such improvaers shall be allowed.
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785:46-13-4. Tier 2 protection; maintenance and ptection of High Quality Waters and
Sensitive Water Supplies

(@)

(b)

(©)

(d)

General rules for High Quality Waters. New paaurce discharges of any pollutant
after June 11, 1989, and increased load or coraterirof any specified pollutant
from any point source discharge existing as of JLhel989, shall be prohibited in
any waterbody or watershed designated in Appendigf DAC 785:45 with the
limitation "HQW". Any discharge of any pollutant gowaterbody designated "HQW"
which would, if it occurred, lower existing wateunality shall be prohibited. Provided
however, new point source discharges or increasad br concentration of any
specified pollutant from a discharge existing adwie 11, 1989, may be approved by
the permitting authority in circumstances where dscharger demonstrates to the
satisfaction of the permitting authority that suww discharge or increased load or
concentration would result in maintaining or impray the level of water quality
which exceeds that necessary to support recreaimh propagation of fishes,
shellfishes, and wildlife in the receiving water.

General rules for Sensitive Public and Privilater Supplies. New point source
discharges of any pollutant after June 11, 1986, inoreased load of any specified
pollutant from any point source discharge existagyof June 11, 1989, shall be
prohibited in any waterbody or watershed designatefippendix A of OAC 785:45
with the limitation "SWS". Any discharge of any phahant to a waterbody designated
"SWS" which would, if it occurred, lower existingater quality shall be prohibited.
Provided however, new point source discharges areased load of any specified
pollutant from a discharge existing as of June 11989, may be approved by the
permitting authority in circumstances where theckigger demonstrates to the
satisfaction of the permitting authority that suww discharge or increased load will
result in maintaining or improving the water quaiit both the direct receiving water,
if designated SWS, and any downstream waterbodigiglated SWS.

Stormwater discharges. Regardless of subsec{@nand (b) of this Section, point
source discharges of stormwater to waterbodiesveatdrsheds designated "HQW"
and "SWS" may be approved by the permitting autjori

Nonpoint source discharges or runoff. Best rmgangent practices for control of
nonpoint source discharges or runoff should be emgnted in watersheds of
waterbodies designated "HQW" or "SWS" in AppendioffOAC 785:45.

785:46-13-5. Tier 3 protection; prohibition against degradation of water quality in
outstanding resource waters

(@)

General. New point source discharges of anyuawmit after June 11, 1989, and
increased load of any pollutant from any point seutischarge existing as of June 11,
1989, shall be prohibited in any waterbody or walted designated in Appendix A of
OAC 785:45 with the limitation "ORW" and/or "Sceriiver", and in any waterbody
located within the watershed of any waterbody desigd with the limitation "Scenic
River". Any discharge of any pollutant to a watatpalesignated "ORW" or "Scenic
River" which would, if it occurred, lower existivgater quality shall be prohibited.
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(b)

()

(d)

Stormwater discharges. Regardless of 785:46¢&B- point source discharges of
stormwater from temporary construction activities waterbodies and watersheds
designated "ORW" and/or "Scenic River" may be p#gedi by the permitting
authority. Regardless of 785:46-13-5(a), dischagjestormwater to waterbodies and
watersheds designated "ORW" and/or "Scenic Riverfpoint sources existing as
of June 25, 1992, whether or not such stormwatahdirges were permitted as point
sources prior to June 25, 1992, may be permittedthiey permitting authority;
provided, however, increased load of any pollufaotn such stormwater discharge
shall be prohibited.

Nonpoint source discharges or runoff. Best mgangent practices for control of
nonpoint source discharges or runoff should be emgnted in watersheds of
waterbodies designated "ORW" in Appendix A of OABS5A5, provided, however,
that development of conservation plans shall baiired in sub-watersheds where
discharges or runoff from nonpoint sources aretitled as causing or significantly
contributing to degradation in a waterbody desigddORW".

LMFO's. No licensed managed feeding operatldiHO) established after June 10,
1998 which applies for a new or expanding licensenfthe State Department of
Agriculture after March 9, 1998 shall be locatgd]ithin three (3) miles of any
designated scenic river area as specified by teaiS&ivers Act in 82 O.S. Section
1451 and following, or [w]ithin one (1) mile of a aterbody [2:9-210.3(D)]
designated in Appendix A of OAC 785:45 as "ORW".

785:46-13-6. Protection for Appendix B areas

(@)

(b)

(©)

(d)

General. Appendix B of OAC 785:45 identifieeas in Oklahoma with waters of
recreational and/or ecological significance. Theseas are divided into Table 1,
which includes national and state parks, natiomaedts, wildlife areas, wildlife

management areas and wildlife refuges; and Tablh?ch includes areas which
contain threatened or endangered species listesli@s by the federal government
pursuant to the federal Endangered Species Aahasded.

Protection for Table 1 areas. New dischargegpatiutants after June 11, 1989, or
increased loading of pollutants from dischargesteg as of June 11, 1989, to waters
within the boundaries of areas listed in Table Appendix B of OAC 785:45 may be
approved by the permitting authority under suchditions as ensure that the
recreational and ecological significance of theagens will be maintained.

Protection for Table 2 areas. Discharges oerotictivities associated with those
waters within the boundaries listed in Table 2 ppAndix B of OAC 785:45 may be
restricted through agreements between appropeagidatory agencies and the United
States Fish and Wildlife Service. Discharges oeptctivities in such areas shall not
substantially disrupt the threatened or endangspesgties inhabiting the receiving
water.

Nonpoint source discharges or runoff. Best mgangent practices for control of
nonpoint source discharges or runoff should be emginted in watersheds located
within areas listed in Appendix B of OAC 785:45.
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Comments from Oklahoma Farm Bureau were received on August 30, 2010:

Comment #1: We appreciate the opportunity to provide comments on these draft TMDLs. As
we have on their draft TMDLs, we continue to comment that sewer overflows and bypasses
should be included into the point source allocation as a contributor to bacteria impairment.

Response #1Sewer overflows and bypasses are not permittedlzar@fore cannot be added
to the point source allocations. All SSOs are cdergd unpermitted discharges under State
statute and DEQ regulations and will be dealt tightenforcement actions as described in the
last paragraph of Section 3.1.2. No changes weréana

Comment #2: With regard to these bacteria TMDLs, we concur three approaches to revising
the pathogen provisions of Oklahoma's water quality standards -- removing the primary body
contact recreation use, modifying application of the existing criteria, and revising the existing
numeric criteria — should be considered.

Response #2T'hank you for the comments

DFT Washita TMDL Report_061610.docx E'l FI NAL
August 2010



